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The National Science Foundaticn spcsscred Survey of 
Industrial Research and Develcpsient fcr 1977 was conducted by the 
Bureau of the Census in January 197B. Approxi nately 1,500 
R6D-per for ffiing coiapanie« pa^'^-icipated in the survey- Bemarks 
attributed to cosspany officials were based on discussions with 
representatives froa leading IsSD-perf crming cccsFanies in the major 
industries. This report contains a detailed report of B&D spending 
during 1977, as well as historical tables showing trends fcr key E6D 
funding variables. Also included is inforsation about 
industry-employed P&D scie'^tists and engineers. BSD expenditures for 
U.S. firms are presented in a variety of ways: by source of funds, 
type of activity, aator cost component, geographic area„ field of 
basic research, product area, effort contracted out, aacunt performed 
in foreign countries, and bv awcun+s expended on research and 
developient devoted to energy-related and pollsttion abatecent 
projects, whenever possible, the data are presented on an individual 
industry basi?, e. a. , instruments, machinery, etc. Data presented in 
this report cover the period 1956^1977 for funding data and January 
1957 to January 197S for PSD scientist and engineer data, 
(Author/MX ) 
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FOREWORD 



Private and pubhi ofttciais mh* langing innovation among industn^.e^itabiisth- 
m^nits as a niajor fai tor in tht Nation's current etononiic ills. Symptoms apoear in 
tht' form ml (k'c lining prcxiuc ti\ ify, growing international trade defic its, increasing 
ufiemplovnunit. doubk^-ciigit inflation and, nio^t recently, a ciecline in the gross 
national f>ro(iuct (CiNPk !n stucjies undertaken to examine optional policies for stim- 
ulating innovation in the private stKtor, industrial resc^irch and development is citcxi" 
as afi tmfH)ftant tailor. It in onv which, many analysts l>elieve, suffers from under- 
investment. While inciustrv has continued to show real growth in R&D expenditures, 
much of tills growth is attrii^uteii to energy- and regulatory-relatcnj projects which 
tend nut to result in economic growth. Rather, according to industry officials, in- 
dustry drec ts its R<SiL) funds at prcxiucing marginal improvements in existing prod- 
ucts, or at pr<H ess cost-cuttmg improvements. 

Recent evidence indicates that the {)attern of industry's R&D activity may be 
changing toward an increas^xi emphasis on basic rese:rch. Does this represent a 
return of c(>rfK)rate confuience m basic research's ability to stimulate innovation 
anci c(>mf)any growths' interviews with numerous company R&D officials would 
suggest this, fhosc:^ interv ic»wc^i do arid, however, that R&D expenditures, especially 
basic reMMrc fi ex^x^nditures, frequently Ixxome candidates for reduction in times 
ot ecofiomic stress. 

Ihis re(X)n. the latest of a continuing series, provides informatfOft on the "mag- 
fjitude and characteristics of the industrial R&D .enterprise by identifying and ana- 
lyzing current trends. 

The National Sc lence Foundation and the Bureau of the Census gratefully ac- 
knowledge the ccx)j>eration of the numerous organizations that provided data for 
sf4idy. 

Richard C. Atkinson 
Director 

National Science Foundation 
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notes 



• StatJNiK s shuvvf) nuw nol add tii tolaK or sui)U)ta!s because ot rounding. 

• tnless (onsrani iiollars are sfXKititH^, data shown in this refK)rt are in terms 

of i arrvnl dolLirs. 

• t cm>plete techf^ual noteN, including trTif)iJtatu)n rates, are c"ontaint*d in ap- 
}H*rKi!x A. Additional (jueNttons rej4ar(iing tliese survey findings should \ye ad- 
dri'ssix) to CaroisTi B. Ari^na, Industry Studies Ciroup, Division ol Science 
Resources SfiiciitN \a!tonal >c it^nci^ Founciation. Washington, D.C , 20S50 
i202) h\4-4Mi\. 
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HIGHLIGHTS 



• U)\M iniHi>tfuit KM) rNjH'rujjfiirrs a\uhtu! a Ivwl billnm in 1977, a 

of II prnt'n! troni thf fui'vious vvjr in cofisf.int dollars the gain was S 
fH'fM'nt t)fini4if^v; tt\\\ KM) vspeniijtufis to the previous high refH)f1ixi in 1%8 

.Hid 

• I .s indiisfrv r*'|>orte(i real IM^tj-":^ growth ot S percent in R^D sfHMiding Ironi 
its own fijncis, fndu jting \ c ontinuation ot i orfxjrafe pohc les that have produc ixi 
an average growtti rate oi b fXMient in rt^ai Ri^O dollars since HSi, when this 
iUu series in^gan. Kiftfierniore indiistry's budget plans for research and deveh 
opmrnf in prn |>oint to tontinuing strong growth in conipany funding of re-^ 
MMr< fi and deveiopnient whnh, in reached $]9J biliion- -two-thirds of 
industry s total H^l) pertormaru i'. 

m indiisfrv \ innunftinent to rest-ari h and development ii also apparent by the 
-te.idv fHTttM)! rtNi»>in< e IM.^J m tfie nuniln^r of R^l.) sc lentisfs and .engineers 
ernploved hniu^trv science and engineering (SiJ employment reathtKi an ail 
tirnt- [iigh tn Kuiuarv this high is altnbutabie entirely to increasing coni'- 

paifV -funded reNe.ir; h .ind developniinit. 

m S Uvmi change has incurred in federal funding tor industrial R&D activities. 
After nearU j (Km ,fdr ot decreases in real funding, i] f^vcent Jxnween 19b6 
nnd pr.i ftMlt*fal R\[) funds to industry uHreas€xi in constant dollars in 197b 
dm\ Mi^- .ivtT iging 1 {K^rcent a year. fncreascKl Federal money for energy, 
drfer^stv -Hid ?he spa< shuttle i ontributiKi to this growth which pushed the 
h'(i(»fai h iuisffv KM) total to $10.3 liillion in 1977. 

I Industrv hjs been k fMracteri/ed by a high i one enlration of companies funding 
restMfi I] and devt>lo{)menf - 7 of every 10 industry R&D dollars come from 100 
firms. Moreover, H) f)ercent of the nearly $2 billion increase in company R&D 
funds in 19 '^ c anu> from tlie four largest industrial R&D jKvforrTiers. The top 
tour fH»rtormers m the motor vehicles mdustry accounttHi for nearly one-fifth oi 
the ()vt»rall HHrease in lottjl funds for resiMfch and dev^elopment. 

f In hr*" afKHit " fx^rcent of total company R&D funds were ^m^t oiilsidc the 
Uf>it**d stc^tes KM) directors -from firms responsible for approximately one- 
fouftfi r>f the SI . 4 })fihon ot industrial R&D funds s^hm)! abroad—gave "mwting 
al markH f frnditttins" a^ the mosf frw|uenr reason for locating or expanding 
R\D ar fivifies tn foreign countries. Sales ot foreign affiliates of U.S. dorwstic 
nrms paralh'hng grc^^th r*itc»s of research and development performeci abroad— 



have bvvn continuing to increase. Because of this, NSF anticipates, that, in the 
short run, U.S. R&D {x^rtormance abrc^ad will also continue to expand in abi^jlute 
ternis. 

The s4Hond consecutive real increase in industrial basic researc h expenditures 
matcfuKJ the S-'i^x^rcent constant-dollar increase in applied research and devel-- 
opment. Following a decade of declining constant-dollar basic research funds, 
this rise was mainly the result of increases in funding by the drugs and com- 
munication equipment industries, R&D directors attributed the increase in the 
drugs industry to an apparent change in R&D policy, favoring more theoretical 
work intended to lead to significant mcniical breakthroughs. Communication 
cHjuipment industry personnel noted that increased fundc^mental work reflected 
the inlenl to expand into new prcxJuct areas. 

Significant increases in funds for research and development in coah solar, ^nd 
geothermai sources of energy, and in energy conservation have occurred in the 
past two years. Increases rangc>d from 39 percent in coal, to 85 percent in 
geothermai. Companies continued to direct the major portion of their energy 
R&D hmds in the areas of oil and nuclear fission, which together comfX)sed 64 
fK'rcent of all industry's energy rese«irch and development. 

The petroleum and motor vehicles industries registered the largest R&D funding 
increases of major R&D |>erformers. Both went up 19 percent. The petroleum 
industry's rise resulted primarily from energy^related R&D projects, particularly 
in oil exploration and synthetic fuels. The increase in the motor vehicles industry 
was attributed by company R&D officials primarily to increases in projects de* 
signeci to meet Government regulatory requirements for emission control and 
fuel economy. 

Results of a preliminary test indicated that in 1977 aircraft and miiisiles firms 
devoted about 5 percent of their total company-funded R&D resources to noise 
abatement and emission control projects that would not have been undertaken 
in the absence of Government regulations. 

Of the seven top R&D-perfbrming industries, the petroleum and machinery in- 
dustries have shown the highest annual growth rates in the 5-year period, 1972-^ 
77, 14 f>ercent and 13 percent, respectively, Th's is in comparison with the all- 
industry rate of 9 percent. 



INTRODUCTION 



llu- \sf >(K)ns<)rtHi Survcv of IndusJri.il Ki'HMrth ami Dt'velopnu-nt tor 1977 
w.is i(!ti(jij( uni in the HurtMu ot fht' CVasus m january 1978. Approximately 1,500 
KiSD m'ftofniini; i ornpanuN [wrtic ipatwi in the survey. Remarks attributcxi to com- 
padv ii.fK i.iK VMT*' based on (iisvussiDns with representatives from leading R&D- 
jMTf(jfrm.-ig ((inipantfs in the niaior ttnlustnes. 

rhi> report (onfains a tit-taiied analysis ot industrial R&D sfXMiding during 1977, 
as well as hisforu ,,| uihlv> showing trends for key K<S(D funding variables. Alst) 
indudfd fs intormation alxnji industrv-eni{)loytKi R&D scientists and engineers. 
1 o!npl«-t«- tiata tables are publishtd in a companion volume, f?esear( /i and Deve/- 
npnifnt ,n Indu^ir; . / M.^' (Detailed Statistical Tables). RiwD exfx?nditures for U.S. 
firms are pr«'st>nte(i in a sanetv <>! ways; i)y source ot funds, type of activity, major 
<ost component, geographic area, field of basu research, prcxiuct area, effort con- 
tra(te(< out, amount fXTTormed m foreign countries, afid by amounts expended on 
rescue h and development devoteti t<j energy relatwi and (X)llution abatement proj- 
ects Wht>revt'f (>ossif>|f. the data are prescntetl on an individual industry basis, e.g., 
instruments, machinery, etc. 

Data presenteci in this re^xjrt cover the ricxi 1956-77 for funding data and 
januarv 19S7 to Januarv 1978 for R<S<D scientist and engMieer data, 

Tht' rtjijort IS the 2ind in a seric«, originating in 1953. Detailed Sfatistical Tables 
are publisht>d yearly and the more indepth analytical reports every two years. 

The industry survey docs not cover trade associations. Although their primdry 
mission (s to serve industr>', trade associations are established as nonprofit organi- 
/ations and are covereti in the NSF sur^^ey of independent nonprofit institutions. 
R&D exf)enditurt«. ot trade assoc ialionj, are estimated at less than 1 percent of the 
industiy R&D total. 

In iJk* absence of a reliable R&D cost index, the gross national product (GNP) 

implu It >rK e tJeflator was used to convert R&D expenditures to constant dollars. 
The CiNP deflator includes the effects of price changt i of all gocxis and services in 
(he ecofiomy and thus can jnly aj^foximate changes in costs of inputs directly 
a»l4ted to K&D pefform^nce. 




R&D Funds 



Total industrial R$,D expenditures reached a level <^ $29.9 btilion in 1977, a 
gain ofl I percent over the 1976 figure. In constant dollars, this represented a gain 
of 5 percent bringing reaf RAD expenditures to the previous high teported in ^968 
and 1969, 

The 1976-77 increase reflects rises in ^lending by both Federal and company 
Kjuices, fncreased suppdrc for ik^me and energy research and development, *nd 
^mifjmm^ c^ Jie space shuttle c^mtributsd to <he 4-percent incf«a« In cons^ 
dollars in federal R&D funds. Company R&D funds also increased by S percent In 
real terms. This coritinued the overall trend of fea» increases in company R&D 
spending that began In 1972, ctesdy paralleling sales grw^ during « 1371-77 
period. 
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Major industries 

Between 1976 and 1977 the largest percentage in- 
creases among the major R&D perfwmers were reg- 
«!itered by the prtroleum industry arnl the motor ve- 
hfctes industry. Hofh went up 19 percent in current 
doHars. Industry officials attributed the petrol^m in- 
dustry's rise to increased spending for n?search and 
development in the areas of synthetic fuels, coai, and 
oil exploration techniques and equipment. Automo- 
tive industry personnel noted higher outlays for R&D 
projects to meet regulatory requirements for fuel 
economy and emission standards. 

Most industries registered R&D gams in real terms 
between the two years; a major exception was the 
drugs industry. C)fticials of this industry cited a 
chanf^ in emphasis m their R&D programs— a move 
ti^ward more basic research and away from applied 




research or development, which is usually more 
costly. This was the reason for the drug industry de- 
cline, rather than a decreased level of overall R&D 
activity. 



Coffifiany R&D Funds 

The force b^iml continued real growth in indus- 
trial research and development has been the invest- 
ment of companies' own funds in R&D activities. 
Company-financed research and development 
reaihed a 1977 total of $19.4 billion, 11 percent 
higher than reported in 1976. This sharp rise, 5 per- 
cent in real terms, continues a general trend of real- 
dollar increases begun in 1972. Tlwse gains have 
closely approximated the pattern erf industrial sales 
growth during the 1971-77 period. The 1977 rise can 
be partially attributed to increases in ccwnpany spend- 
ing for energy R&D fKojects, and research and de- 
velopment ptrforfT»ed to meet Government regulatory 
requirements, which have especially affected the mo- 
tor vehicles, chemicals, and drugs industries. R&D 
managers from tfrese industries cited Department of 
Energy (DOE) fuel economy requirements, Environ- 
mental Protection Agency (EPA) emission standards, 
Fecferaf Drug Administration {FDA) require jents and 
the Toxic Substances Act as being particularly re- 
sponsible for changes in their R&D programs. 

Based on budgeting figures obtained in the 1977 
Survey of Wustrial Research and Development, the 
National Science Foundation expects 1978 company 
R&D fumis to continue to increase by as much as V2 
percent. In interviews with R&D directors in several 
leading R&D-performing companies it was noted 
that beginning, in 1976 and continuing into mid* 
1979, tiw industri^ cUmate for r^arch and devel- 
opn^nt has markedly improved. In the late sixties 
and early fv^enties, ci^pwate management tended 
to make short-term, re&ultM^i^nted R&D funding de* 
cisions. T<op manag^itent mm seems to recof^niae, 
' hbwever/that longer-term research and development 
can contribute significantly to cwporate sales growlh 
and provide some answers to energy ar>d pollution 
problems, R&D officials in a number of industries 



indicated that this growth in resea/ch and develop- 
ment is expected to continue into the eighties. 

Industrial R&D directors have indicated that a por- 
tion of the anticipated increase in R&D activity is 
attnbutabie to projects conducted to meet Govern- 
nnent regutatory requirements. A test question, de- 
signed to measure this factor, obtained sufficient re- 
sponse from the aircraft and missiles industry to 
conclude that in 1977 this industry spent approxi- 
mately 5 percent of its company R&D funds on 
tivities which would not have been undertaken in the 
absence of Government regulations. R&D personnel 
in thai industry also noted that this research and de- 
velopment was generally in the areas, of aircraft emis- 
sions and noise control. 

In 1977 industry reported that 3 percent of its com- 
pany-financed R&D total expenditures was con- 
tracted to outside organizations. This represents an 
increake of 12 percent over its 1976 level. Ot this 
amount, most went to other companies, while a lesser 
proportion went to universities and colleges and 
other nonprofit institutions. 

R&D performed abroad by U.S. comfjanies 

The ability of U.S. industry to compete in foreign 
markets depends in part on its ability to tailor prod- 
ucts to the particular needs of local markets. Toward 
this end, U.S. industry spends an additional amount, 
equal tp about 7 percent of ccwnpany-funded domes- 
tic R&D experKiitures, for research and development 
performed abroad. Most of these funds finance ex- 
perimental development activities rather than re- 
search. In 1977 industry spent $1.5 billion for R&D 
activity abroad, some 9 percent over the previouv 
year. Department of Commence data indicate that 
v£ - saies by foreign aiimtes of U.S! manufacturing fimis 

^*~fosif at a healthy annual rate in the midsevenfies. If 

. these sales continue to rise, it is anticipated that there 
will be a continuing need for development projects 

Federal R&D funds to industry rose by 10 percent 
fgr-tj^ween 1976 and 1977 to a total of $10.5 billion. 



an increase of 4 percent in constant-dollar terms. The 
1977 increase was the second consecutive year of 
real growth in Federal R&D funds to industry and the 
second largest real-dollar gain since 1966. The rises 
in recent years (1 975-77) are primarily attributable to 
R&D increases for defense and energy, and increased 
outlays for development of the space shuttle. The two 
Federal agencies with primary responsibility in these 
areas, the Department of Defense (DOD) and the 
National Aeronautics and Space Administration 
(NASA), together provided more than four-fifths of the 
Federal total R&D support to industry ($6.9 billion 
and $1.7 billion, respectively) with the bulk of the 
remainder coming from DOE. 

Historically, over three-fourths of all Federal R&D 
funds to industry has gone to two industries— electri- 
cal equipment and communication, and aircraft and 
missiles. These two industries perform the bulk of 
space and defense research and development for the 





Federal Government. In addition, the electrical 
equipment industry is the largest performer of Federal 
energy research and development. 

In 1977 the $5.5 billion in Federal funds received 
by aircraft and missiles firms financed 78 percent of 
their total research and development, and repre- 
sented over one-half of total Federal outlays to In- 
dustry, The electrical equipment «ind communication 
industry received $2.7 billion in Federal funds, which 
totaled 45 percent of afi their R&D expenditures dur- 
ing 1977, . 

Federally funded research and 
devetoimient centers a«nfstered by 
Industry 

Federally funded research and development cen- 
ters (FFRDC's) are organizations administered fay in- 
dustrial, educational, or other Mtutions on a non- 



pfofti basis whjch carry on R&D activitieii almost 
eKclusfvely tor the Federal Government. R&D per- 
formance by industry-adininistered FFRDC's rose 
only 6 percent over the 1976-77 period. By character 
work, the FFRDC expenditures were distributed as 
^oiiows: Basic research, 8 percent; af^fied research, 
22 percent; and development. 70 percent. These pro- 
portion^> have changed little in recent years, Appen- 
di% C lists current industry-administered FFRDC's. 

Geographic Distribution 

Aerospace firms located in California make up the 
largest R&D-performmg mdustry group in the coun- 
try. S^gce this series began in 1957, this group has 
kept California in the lead m terms of total industrial 
R&D spending. Industry sf)ent 19 percent of its total 
R&D funds here, including 37 percent of its Federal 
funds. Other ieadmg States include the heavily in- 
dustrialized States of Michigan, New York, New jer- 
sey, Pennsylvania. Illinois, Ohio, and Massachusetts. 

Cornpany financt^ii R&D expenditures were high- 
est m Michigan, accounting for 14 (:>ercent of all com- 
p^^iny funds. This State's leadership in company- 
sponsored ri^arch and development comes from the 
motor vehicfi^s industry which has a large company- 
supporttxi R&D effort. 




R&D Funds by Size of Coiii|>any 

Although an estimated 15,000 firms perform re- 
search and development in the United States, a rel- 
atively small number account for the bulk of the ef- 
fort. Approximately 1 percent of all R&D-performing 
firms, or 128 R&D-performing companies, had more 
than 25,OCfO employees during 1977. These 128 
companies reported R&D expenditures of $22 billion, 
73 percent of the U.S. industry total. On the other 
hand, companies with less than 1,000 employees, 
which comprised 91 percent of the number of R&D- 
performing firms, reported only 5 percent of the total 
R&D expenditures during the year. 

The federally funded R&D effort was even more 
^concentrated among lai^ companies. the 128 
R&D-^performing.companies with more than 25,000 
employees, 73 refX)rted Federal R&D funding during 
1977. These 73 companies performed 84 percent of 
ail the federally financed research and development 
during the year. 

The four U.S. companies with the largest R&D ex- 
fx?nditures during 1977 performed 20 percent of all 
industrial research and development for the year, (For 
^>erspective, note that these same four comjMntes ac- 
counted for 9 percerit of the total net sales of R&D- 
performing manufacturing firms and 8 percent of 
their total employment during 1977.) The source of 
funding for their R&D activities was rcHJghly propor- 
tional to their total share of the effort; these firms 
received 19 percent of all Federal R&D funds con- 
tracted to industry and performed 21 percent of all 
company-Sponsored research and developrnent dur- 
ing the year. 

HxaminaticHVof the R&D performance of the vn^jor 
companies in each indusl^ indicates, Oiat the large 
companies dominate the R&D field, table 1 for se- 
lected industries shows the percentage of total and 
Federal R&D funds expended by the top 4 and tc^ 
20 comf^nies in each Industry. Note that the top 20 
cwnpanies perfomt vlrtuaffy alt d» federally funded 
research and development in most industries. 



Table 1* PropcHlion of R&D funds fpent by the lai^est 
R&D-perfcmiring coinpai%i€i: 1977 



Ifidustry 


■ ^ 

Perceni tc^a! R&D 
funds 


Percent of Federal 
R&D funds 


first 4 
companies 


FifM 20 
(ompantes 




FffsJ 20 
tomp^nies 


Total 


20 
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57 


65 


66 


94 


fs/UAot vehicles, 










and moim ve- 










hicles ^utp^ 










ment 


94 


99 


97 


100 


A^fCr^H and mis- 










siies , 


53, 


98 


58 


100 


Ffoteslon^t dnd 










scientific in- 










struments 


55 


82 


82 


91 



Note; All rankings are batf«don Mai R*D fm^ 
Source; National Science foundalioii 



R&O Funds Related to Net Sales 

Resedfch and development comprises but one of 
many activities cumpettng a }K>fti(>n of a fimi's 
tiital revenues. The rafiuof RitD exf>enditures to rev- 
enues, or net saie^, provides one means of identitying 
high ttK hnology industries that have dispiayixi heavy 
de»pt»ndence on res4>art h and development over the 
years. In such R^D-mfensive industries, e.g., el^xtrt- 
eat efjiiipmenf and instruments, the Ri;<l)/nt*t sales 
ratios rangcHj from S ^xvient to S f>ercent during the 
1%7'77 fHTuxl Bec ause of the large amount of Feci- 
eral cJefensc*- and spac e-retateci work, the aire raft and 
missiles in<iu*try is unique in this resfx^tt, refx)rting 
an RiM)/nef sales ratio as high as 20 fx'rcent m the 
late sixties, low ttH.hnolo«v manufacturing industries, 
on the other hand, typic ally re^x)rt ratios under 1 ^>er- 
cent. 

Between 1%7 and 1974. the average R&D/net 
sales ratio tor all manufac turing industries dropped 
sharply, from 4.2 percent to 3.1 percent, where it 
remained through 1977. The aircraft and missiles 
industry and the electncal equipment industry, the 
largest industrial performers of Federal research 
and development, were the primary factors in this 
trend as a result of the federally funded portion of 
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industrial R&D expenditures declining from 5i 
percent in 1%7 to around 36 percent in 1974 and 
subsequent years. Those high technology in- 
dustries that are less involved in Federal R&D 
programs showed slight increases in their R&D/net 




s.^les ratios, or remained at roughly the same level 
throughout the 1%7-77 period, 

A .ef lection of corporate attitudes and policies on 
research and development as a means of achieving 
company growth can be seen in the relationship be- 
tween the amount of companies' own funds {exclud- 
ing Federal awards) spent for research and develop- 
ment and net sales. The company R&D/net sales ratio 
has remained relatively constant for more than 20 
years. It has been 2.0 percent since 1972 and has 
never f>een higher than 2.2 percent since this series 
began in 1957, Among individual industries, the ratio 
ai company R&D/net sales has also tended to be rel- 
atively constant over time, although the si/e of each 
ratio is largely dependent upon the degree of R&D 
intensity of a particular industry. For example, com-, 
panies in highly competitive, technical industries — 
such as office, computing and accounting machines, 
and professional and scientific instrumentSr— must in- 
vest a large portion of their budgets in research and 
development to help ensure future sales in areas 
where technology is changing rapidly; thus their 
„ company R&D/net sales ratios are high {9.4 percent 
and 5.4 percent, respectively, in 1977). On the other 
hand, company research and development in an in- 
dustry such as petroleum refining and extraction, 
while extremely important in this age of energy con- 
cern, is relatively small when compared to the vol- 
ume of sales made by the industry. The company 
R&D funds/net sales ratio in the petroleum industry 
was 0.6 percent in 1 977. {The ratio for the petroleum 
industry does not contain expenditures for explora- 
tion for new sources of fuel.) 

The total R&D funds/net sales ratio tends to be 
more changeable than the company ratio in those 
industries which are heavily dependent upon Federal 
support; white companies as a rule make gradual 
changes in their own spending, the gain or loss of a 
federal contract can cause wide yearly swings in a 
company's total R&D expenditures. For example, the 
total R&D/net sales ratio in the aircraft and missileis^ 
industry went from a high of 28.3 percent In 1 964 to 
a low of 127 percent in 1975 and 1976, and climbed 
to 13.0 percent in 1977. Federal R&D expenditures 
for space had been increasing with ttie growth of tf^ 



Apollo iunar landing program and reached a peak in 
Ihe late MXttes. Thereafter, Federal R&D funds tor 
sp^e diH lined each year through 1973 as the <»x- 
f)enditures for the spa< e shuttle, begun in 1970, were 
not as large as those for the Apollo program, Fiedera! 
R&D space expenditures Ix^gan an upswing agam in 
1974 with increased cxjtlays for space shuttle devel- 
opment. The aircraft and missiles industry is of course 




greatly affected each time there are such large 
changes in Federal outlays for space research and 
development. At the same time, gradual increases in 
Federal defense R&D outfays have helped to mini-^ 
mize the fluctuations in this industry. 

Character of Work 

All three types of R&D activity, basic research, ap- 
plied research, and development, increased by 11 
f)ercent between 1976 and 1977, the second consec - 
utive year that all three rose at the same rate. Follow-- 
ing a decade of increases larger in applied research 
and development than in basic research, the 1976- 



77 ^ttern reflects the change in R&D strategy men- 
*n the 'Company R&D Funds" section. 

^ Basic research 

In 1977 industrial basic research spending rose to 
$910 million, increasing by 1 1 percent over the pre- 
ceding year— the same grov4h rate as applied re- 
search and development, if measured jn constant dol- 
lars, this represents a 5-percent increase, the second 
consecutive real increase following more than a dec- 
ade of steady decline, industry officials in basic re- 
search-intensive industries see this as the start of a 
reversal of that trend. 




Larger ccmipanies are the iargest performers ot 
basic research, (n 1977, 66 companies, representing 
over one-half of the R&D-performing companies with 
25,000 Of more employees, reported basic re^jrch 
expenditures. These large companies performed 54 
percent of all industrial basic research. The percent- 
al <^ R&D performers with basic research expend- 
itures declines as the si^e Um% becomes smaller 
Smaller and medium-sized firms, however, devoted 
a higher percenyge of their R&D funds to basic re- 
search than did firms with 25,000 or more employ- 

Three-quarters of total industrial basic research wa«. 
financed by companies' own funds in 1977. In the 
past this number has fluctuated from 75 percent to 
ao percent of funds for basic research. Although the 
chemicals industry received the largest absolute 
amount from the Federal Government for basic re- 
search, $^ million, this industry also spent nearly 
four times that amount of its own funds on basic re- 
search. On the other hand, nonmanufacturing indus- 
tries, which include independent R&D laboratories, 
received 85 percent of their basic research funds from 
the fedetil Ckivernment. )ust 2 percent of ail Federal 
R&D support to industry was for basic research in 
1977. The Federal Ckjvemment has traditionally de- 
pended upon universities and colleges to perform the 
majority of the Federal basic research effort. 

As in the past, the chemicals industry, including 
drug companies, led ail other industries in basic re- 
search performance with a 1977 expenditure of $336 
million — 11 percent above the 1976 level. Other 
major basic research performers included the electri- 
cal e(iuipm«it and communication industry, $181 
million; machinery, $59 million; and aircraft and 
misiiles, $56 million. 

Two industries — the drugs and medicines segment 
of the chemicals industry and the communication 

„.?tM*R^"^ portion o* electrical equipir^t— led the 
rise ir» basic research spending with increases of 10 

-pmtent^nd f 2 percent, respectively. Refw^tatlves 
from the dnjgs industry indicated that the cost of pre- 
market testing of new drugs has precipitiously in- 
aesami in recent years, with the result that it is no 




longer sufficiently profitable for drug companies to 
market marginal improvements in or reformulations 
of existing drugs, instead, the industry is searching for 
breakthrough products which will yield a significant 
return on the amount spent for testing. They feel that 
these prucucts can best be found through an in- 
creased basic research effort. Communication equip- 
ment iwiustry officials also cited a desire to find new 
products and expand into new markets as responsible 
for their increase in expenditures for basic research. 

The distribution of funds fm industrial basic re- 
search by field of science has fluctuated little since 
1%7. AInwst one-half of industrial basic research in 
1977 was in the physical sciences, with approxi- 
mately 70 percent <rf this in chemistry. Engi- 
neering accounted for an additional 26 percent of 
industry's basic research performance. This concen- 
tration by field reflects the dominating interests of the 
chemicals and electrical equipment industries in 
basic research. 



Table 2. Proportion of indiMtriai bask mearth by fidd 
of fcieiice 

[Percent distribution] 
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Applied research and development 
By induslry 

txfjt'nditures for af)p)ii»ti ftse.uch and develop- 
mt*nf ruv4' $2 H biiliun durfng 1977 to a tot.ii ot $29.0 
btlliorv feprvsentmg an n -jH*rient tmrease for the 
stxond ytMf in a row In ivrms ni const*int* dollars. 
1477 ex}n»mjifuf4's ton** S fx'rcent, down slightly trom 
the fa-jH'r(t»nt im rtMst* durmg 1976. Federal funds ot 
\ hillion aicuunft»d tor \h ^H'rcent of mdustna! 
applH*d restMr< h and development dunng 1977 

Over two-thirds o! the lombmed applied researc h 
and development ex()endJtures were made by four 
industries. Aircraft and missiles i$7.0 bilhon); elec- 



trical txiuipment and communications ($5.8 billion); 
machinery ($3,9 billion}; and motor vehnick^ i$3.i 
billion). Since apphed research and development ex- 
penditure*, have historjcally accounted for over 95 
percent of total R&D spending, the pattern of ex- 
penditures for both Federal and company applied re- 
search and development has closely paralleled that 
of total fefiearch and development. Almost 80 percent 
of Federal support was channeled into two indus- 
tries—aircraft and missiles ($5.5 billion, representing 
78 percent of the total applied research and devel- 
opmei«« expenditures of that industry) and electrical 
equipment and communication {$2,7 billion, or 46 
percent of the total industry effort). 






By product fiefd 

The NSF industrial survey collects statistical data 
on applied research and development not only by 
individual industry, but also on a product field basis 
within each industry, (See tables B-50 through B-55 
of the companion volume.) Product field data provide 
a valuable supplement to the broader-based, tradi- 
tional industry classification. 

In the industrial R&D survey, companies are class- 
ified by industry as a total unit into the Standard In- 
dustrial Classification (SIC) code which contains the 
largest percentage of their sales. Thus, the classifi- 
cation for conglcMi^ates and iHher diversified com- 
panies may ncrt wholly represent the ftefd in which 
their research and development is accompli^>ed For 
example, a company which has most of its saies voi- 
ume in a food sut^dlary wouU be im:tliided in the 
food industry category althou^ most of its R&D ^ 
gram may be dtre^Sed jto ""^ 
The product field data show the exaa product fieW 
where applied research ami deveiofjrtient is directed,^ 
irrespective oi tfm pHmaiy industriaf cla$s}ftcaiicm of 
the performing i\m%. In using these data, it should be 
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emphastied that company officials usually do not 
keep their official records by product field; thus, 
greater emphasis is placed on the use of informed 
estimates in providing these data. 

Seventy percent of all industrial applied research 
and dev'elopment expenditures m 1977 were made 
in si>5 product fields: Electrical equipment and com- 
munication, $5.9 billion; machinery, $3.6 bifiion; 
aircraft and parts, $V1 billion; guided missiles and 
spacecraft, $?,0 billion; motor vehicles and other 
transfx>rtation equipment, $2.6 billion; and chemi- 
cals, $2 0 bilhon. 

Many companies are becoming increasingly div>;f 
sified m f i. markets they serve and their R&D ex- 
penditures are also being spread over a wider variety 
of products. The following tabulation shows a "spe- 
cialization" ratio for selected industries; that is, the 
perc entage of applied research and development that 
a company cirects towards its major product field. 
The sjXH iaii/atioii ratios were derived by dividing the 
R&D funds spent on an industry's primary product 
by the total applied resi^arch and development ex- 
penditurtN of that industry. 

1470 1977 



ChiTHtcais «tnd aihed ^Hodutls SO 76 

Drtj^^s 3nd rmxiK J nes 74 

Atr< raft arni missile^* 87 7 ^ 

Machirn'ry 60 67 

fliHlfKal i*qu«^>nH»f1t and communti ation SI 

Pfimarv rr>etals .... M 47 

Pftrolt»urn rt»?fn}nj5 afxl fxtfa<tu>n 4! 4S 

fabfu ated mvtal f>f<x1u<!s 40 38 



Although the majority oi industries decreased their 
spei iali/ation ratios between 1970 and 1977, a third 
the selected industries had a greater concentraf ion 
<^ research and development in their major product 
in 1977 than they did m 1970. There are many rea- 
sons for the changes that imiustries make in the in- 
Jeo^Mty. oj research and deveiopment Ihey put into 
their primary products. Three of the most important 
ones'afe: (T) companiesdiversify for financiaf reasons 
and acquire businesses unrelated to the parent com- 
panies' line of business, Q) comp*r.nies find a need 



to do in-house research and development in other 
fKoduct fields to enhance the development of their 
major product, and (3) parent companies acquire 
other companies in their own line of business or com- 
panies doing research and development in areas that 
are needed by the \>afent company. The first two rea- 
sons would dilute the proportion of research and de- 
velopment done in a company's major product field, 
while the third would generally tend to increase the 
specialization ratio of a company. 

Energy R&D 

Industry's performance of energy research and 
veiopment reached $1.9 billion in 1977, an increase 
of 20 percent during the year. According to company 
officials, expenditures were expectea to rise an ad- 
ditional 1 1 percent during 1978, Since 1972, the first 
year that data were collected for this category, energy 
R&D performance by industry has risen at an average 
annual rate of 22 percent. 
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Leading industries were electrical equipment and 
communication, $670 million, up 15 percent over 
1W6; and petroleum, $531 million, up 21 percent. 
The ei^trical equipment industry's rise is tied to in-'r 
creases in coal and nuclear research and develop- 
ment. The petroleum industry's increase has been 
concentrated in fossil fuel research and development. 

Federal support for energy research and develop- 
ment rose 21 percent over 1976, primarily as a result 
of increases in coaf R&D support, nuclear fission, and 
solar research and development. The company-funded 
R&D increase of 19 percent is accounted for by siz- 
able rises in company funds for R&D projects for oil, 
nudes^r fission, conservation, coal, and geothermaf 
energy* ^ . ^ . 

The nuclear energy category continued to domi- 
nate industry's energy research and development, 
accounting for 47 percent of aii expendi&ifes in 1 977, 



Its fKominencf is due to the large amount of Federal 
funding in this category, $669 million, nearly three- 
quarters of all Federal energy R&D funds to industry. 

Company R&D funds are most concentrateti in the 
fos<»il fuels area, which rose 19 im cent between 
1976-77. While the largest amount of this category 
was directed toward oil research and development, 
coal researt h and development registered the largest 
percentage increase, 40 {:)ercent, over the 1976-77 
pericxl. 

Solar energy increased SI ^)ercent, generally due 
to a 65-percenf increase in f ederal funds for that area. 
Geothermai energy also registered d large increase, 
85 percent. However, even when the two energy 
source* are added toscther, t^eir R^D expenditures 
" lotaled fe*s than $100 miHion in 1977. 

Conservation has been the fastest growing area of 
iS5iy!i'M* ^''Sy and development. In 1 974 



energy conservation research and development was 
-^20-mimon, fes5 than 2 percent of Intery's total 
energy , R&D outlays. In 1977, the R&D expenditure 
in this area reached $124 million, and represented 
tmr 6 percent of the energy R&D total. 



Pollution Abatement R&D 

R&D expenditures for pollution abatement totaled 
$918 million in 1977, a 21-percent increase over the 
1976 total? This increase is the largest since the data 
series began in 1973. Industry R&D personnel hayC' 
attributed this rise to increases in R&D spending to 
meet government regulatory requirements, which 
have primarily affected the motor vehicles and chem- 
icals industries. The motor vehicles industry has tra- 
ditionally accounted for over one-half jibe R&D ex- 
fjenditures for pollution abatement and it is likely that 
this trend will continue for the next several years. 
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Eilif(ioyment of R&D Scientists and Engineers 



T(>!di mdustnal employmenf oi Rl^D st?entists and 
engineers (tuli-time'i>quivalenfs) reachiKJ an ail-time 
high oi 400 J 00 m januar\ 1478. This represents an 
increase oi 1 7,7tXK~S percent over the january 1977 
level- and surpasses the previous peak of 387,100 
set in 1969. After that date, the number of mdustrial 
R&D scientists and engineers declined for three years 
during a peruxi of decreases m Federal R&D funding. 
Since 1972 th'<*re has bwn a gradual rise in the nunv 
Ijvr oi R&D scientists and engineers employed by in- 
dustry, advancing even during the 1974 recession 
when total civilian employment declmt»d over 1 per- 
cent. 

An examination of employment by indtviduai in- 
dustry reveals a wide variation in the relative 
creases in the numtjer of scientists and enginet»rs. 
This is espe<iaUy apparent when examining the 2^ 
year ^x'riod trom January 1976 to U^nuary 1978, The 
sharfH*st increases were seen in the motor vehicles 
and the aircraft and missiles industries. Employment 
of R&D scientists and enginet^rs increased almost 20 
fiercent in the motor vehicles industry during this jhv 
ri<xJ. reflt*ctmg the industry's intensified efforts to 
design and develop lighter, more fuel -efficient vehi- 
cles. Increases in funding of industrial research and 
development, resulting largely from the dev<?|opmen{ 
__ of the space shuttle, contributed to the 16-percent 
increase tn the employment oi sc ientists and engi- 
neers m the aircraft and missiles industry from Janu^ 
^ fry 1976 to Unudry 1978 

t:^^ l?Lkn^ry 1 978 the projjQrtion of ail R&D sc:enti!»ts 

and engintH^rs employed in industry by companies 
with more than 2S,{XX) employes has accounted for 
almost two thirds ul their total employnrent and has 
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remained relatively constant since 1 973, the first year 
that this size class was separately identified. In Jan- 
uary 1 978, except for the smallest size class of less 
than 1,000 employees, which remained ^evel, all 
other size categories showed an absolute increase in 
their number of R&D scientists and engineers during 
1977. 

A frequently used measure, which allows compar- 
isons of relative unit costs between industries, is the 
cost per R&D scientist and/or engineer. These ratios 
vary sharply by indfvidual mdustry, depending on the 
type of R&D activity undertaken. The all-industry av- 
erage for funds sfient on R&D pragrams increased 6 ' 
percent during 1977 to $76,400 per scientist or en- 
gineer. Although the all-industry average of cost per 
scientist or engineer has increased every year during 
the 1972 77 period, there has been no growth at ail 
in this ratio when put in terms of constant dollars. 
Corporate outlays per scientist or engineer, on a con- 
stant-dollar basis, rose from $55,300 in 19:;^2 to 
$56,000 in 1973, fell to a 12-year low of $52,300 in 
1975, and rose again to $54,000 by 1976. This re- 
fleets the real-dollar decline of R&D expenditures 
{caused by a drop in Federal outlays) which tjccurred 
between 1973 and 1975. • 

Although the actual corporate CHitlays for these 
R&D scientists ami engineers and their supporting 
personnel increased 51 percent between 1972 and 
1977, the proportion of R&D funds spent on wages 
and salaries has declined. Tte skaie of R&O eispend- , >^ 
itures attributed to materials and supplies afso de- 
cHned tt percenf since 197Z,-whjlem"pf6p6rtrdn T 
for other costs increased 9 percent. Industrial leaders 
have attributed this rise to increases in overhead, par- 
ticularly energy and real estate coste, and a rapid im ^ 



11 




in depreciation. Table 3 shows R&D expenditures 
broken down by the major costs. 

The ratio of scientists and engineers in ir^dustry to 
total employment' increased to 27 in 1977 from its 
1972 low of 24. During the 1972^77 period industry 
experienced relative economic health, increasing 
sales nearly 22 percent in real twms. At the same 
time, companies increased their R&D programs, hir- 
ing more s<'ientists and engineers (14 percent more 
than in 1972) as well as increasing funds for R&D 
programs. Total industrial employment rose less than 
4 ^>ercent over this entire period, Departnwnt of Com- 
merce data indicate that from 1972 to 1974 the con- 
stant'dollar value of inventories increased, probably 
due to the recession during that period. In 1974 to 
1977 the real value of inventories actually declined* 
This may indicate a desire on tte part of industrial 
firms to reduce the value of inventories. Thus, com- 
panies did not need to hire more production workers, 
but, in view of increasing R&D programs, did need 
additional R&D scientists and engineers. 



Table 3. Induftriai R&D expemes diftrifouted by ty|» of cost 

{Dollars in miltionsl 
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APPENDIXES 

A. Technical Notes 

B, Statistical Tables 

C. FFRDC's Administered by Industrial Firms 

D, Reproduction of Covering Letters, Ques- 
tionnaires, and Instructions 



NOTE The detjiled Mjtistitdl tables Jor this volume have been published sep- 
arately, int luded on pp. 21-29 in this volume are selected tables, showing 
hTstofTcai RSjD data, as well as a complete trsttng of aH tables. DetaHed statfs- 
titai tables may be obtained gratis from the National Stience Foundation, 
Washmgton, D. C. 20550* 
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APPENDIX A 
Technical Notes 



iotlu^tfujl ifM-afd^ *iful 4ifvrlupftu»nr' in IM^i S«rur !lu«n. thf 

I tj.jnj^in^ fHM'tis lof intt>r(ihitK)n on \hv Nation s K&O fttuft 

) his industrv sufM'v *n the 2U\ 'n dfi arifiu*!! Hunt»> spun 
sortui !)V thr foundation jn<j tondi!* t»d b\ fhf Borrjo of tht* 
t rnsus I S Dt^piUtn^^nt tj! l.omnu'fct» Thi- found»ition .ilso 
spoMsuf^'d two indijstf\ sur^-fvs ti>\t»nng the \i\its ]95JSl> 
v\huh vsrfr M>ndu(ff(i h\ the l^ufiMu ot Udjur St^stistu s IIUSi, 
I s Drpjftnu'Ht ot 1 Mmr ' i)»it,i obtiiuu'tj in \hv HIS sufVfv^ aff 
nf»t dimtis t omf>.if»ib!f with the C ensus ligurrs tor 77 
hvi .Uise ot fnethodiijoKU »»1 jntj uthef differeni es in tht' survev* 
i ondu( tt'ii b\ the tno 4i^t'nt if> In 4idciaion, the Census sufvev> 
h,ue ^ ollin ted d4jta of) the K^D .u taities c)f the tederdlK fund 
e<l fese4iri h and development i enters (ffH('[) N) that are 
operated f>\ [business tiffns while the tMrhef BIS surveys did not 
IIIKIK s ar<' or^Jani/ations administered by industrial, edu<a 
tional uT othiT institutions an a nunprnfif basis, they conduct 
K.S,I) athvities a{mc?st exiiuMvely iar the usi* of the federal 
( ioveronief)! K,SI) expenditures ot industry adnjinistered 
I f K[)( s jrn UidecJ m this survey as part ot the f oderai H§<[) data, 
are hsted ufuler the t lassitii atlons ol the adniinistenn^ firms 
1 oial K^K,!) I'j^pemiifures and sflec ted jH'rsunnel data tor 
MKDCs'are shovvn m tal>le HMO To aitount tor the R^D 
peftorniafue ot these resear< h < enters in 195h, Census adjustetJ 
data tof that year (iiillet ted in the 19^7 survey) to preside torn 
parable Uvnd data tor l*lSb .ind earlier years 

Data on st lentdu pers/ nnei are not directly com^arab^e with 
data m surveys formerly londutted by HIS For example, the 
reporting unit used m the C^nsuv surveys ot mdustnai research 
an(i developioent is the ( ompciny, which is detrm*d to irulude »d{ 
estabhshmenth under tommon ownership or controt Surveys ot 
stientitK and technical per^onm*! c:onductt*d by BIS were on an 
establishment fefK>rtmgumt b^^is further the Census surveys 
obtain data on the nuftiber of R&D scientists and I'ngmeers on a 
tull tune equivalent basis, unlike the surveys of BIS m 

w huh data were provided in terms of scientists and <engmt>ers 
primarily employed m re>edrch ,3nd development Other varia- 
tions m the two sets of data tnay be the result of different offices 
in the same company preparing the estimates, or the varying 
response rates of the* two surveys 

The statistics preiiented m this repoft are subject to r4»spons*? 
and concept errors caused by differences between surveyr and m 
liustfv concepts and definitions of R&D activities and by vana 
tions in company accountifig procedures 
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Sinte the first industry survey m 19S V the quality of the data 
has ir^iprovt^d substantially, mainly as a result of more accurate 
and sophisticated accountinj; procedures adopted bv 
fes|K>ncients In aciditicr., the foundation and Census have 
endeavored to reduce response and concept errors arising trom 
difficulties in interpretinj; or applying survey detiniticms 



Survey Definitions^ 

;?esearch and dvwJopmvnt - Basic and applied research in the 
silences and engmeenn^ and the design and development of 
prototy^H's and processes This definition excludes quality con 
trol. routine prcxjuc t testing, market research, sales promotion, 
sales servut\ rt»search in the social sc iences or psychology, and 
othef nonitH hnolo^K al activities or technical services 

Bas/c ^'search -Original investigations for the advancement 
ot stientdic knc3w ledge not having specific commercial objec- 
tives, although such investigations may be »n fields uf present or 
potential interest to the reporting ccmipany 

Applied research -Investigations directed to the discovery of 
new scientific t^nowledge having s|H'cif ic commercial objectives 
with resjH'ct to products or prcx esses This definition differs from 
thot ot basic research chiefly in terms of the objectives of tfn? 
reporting company 

De\e/opmenr - Tec hnic a I activities of a nonroutine nature 
concerru'd with translating research findings or other scientific 
knowledge into prcxiu( ts or proce^jses Does not include routine 
tec Iviical services to customers of other actrvities excluded from 
the above definition uf research and development. 

funds for mcarch and development - Operating expenses in- 
curred in the conduct of research and development m a com- 
pany s own laboratory or other company-owned or -operated 
facilitic*s Includes wages and salaries, materials and supplies 
consumed, property and other taxes, maintenance and repairs, 
depreciation, and an appropriate share of overhead, but ex- 
cludes capital expi,mditures All funds for R&D performance in 
this publication are expresHxi in current dollars rather than in 
constant dollars 

Federally finam:^ research and development - y^ork done by 
the company on Federal R&D contracts or Siwbconlracti «ind 
R&D portions of procurement contracts and subcontracts 

Company-financed reiearch and eteve/opmenl— Cost of the 
company sponsored research ^nd development |;werformed 
withm the company Does not include company financed 



4*n>;.i^tMi tiil] finu. ,n fi ^•Mf. h .if^J sir v ♦'iupi!i*'tit ,in<j fth- full fnn.^ 

p.mv^n .,11 f,wt...s ,ji,Mn^ prf.<;,J ,shu h in^ InJi-N rlu' 

Nf'f sjU'y .tf'.'i fiu (•;;;r> K*-* Mfdt-n ,io!:.H v.iKir> f.>f K'HNis'>uki 
I nlltp.inv MU UhImi^ thf f < f.rnni<'f!t jfss nu* h ^<MH^ 

.iMfJ ff* l•.pf^ f(^iif,.H-.Kr r,pM'...-.: . .,M,-n! ih..lL.f> f.ithi-f Ih.ni 

Explanation of Tabular Data 

Imhi^ftr t 'j>.,f (,iti',r. {(>(iti>;f ,itni fiujiis!f> ^r<)ii{)> shown 

t «»Mj ,jfi«! k in<if('(J pf<»(ii.jt 1> 
1 «•* ' l\f'\ ,|fM i ,fpp.tf«v! J J J i , 

f '.If M'f -tfu 1 ,1 'Im'i i nUti Ts Jf . 

i Immtih .if, .jHij <}}ht'd pf<«Jtj, '> JH- 
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I fffouN m<M«?U jnd proiiuUs { LV i i^H H'MI) 
NoMlvfruus nti'tjK Ami prtHiui ts ( U i Su\ 

)tf u r. < <H!iputifi^, and »M i ounlin^ rn.h hints ( SI'"] 
I It't tfh ,ii f<ju3pfnont iUui ioinnuHiu .itiun ( M* -48}*' 
i U'{ tfonu ( ufnfn>fit»nts ( 

( ofiifnuni^ jfu'fi t'quipfurnt Jtui t onununu .Umh) i 5W) 4Mi 
c )thrr fh'< tfK ,\\ t»(|Uip{iif fi! ( itjt (>4 ♦ind U>VM 

Motor vi'fiii 4tnd W}ot<Jf vofm h»> tHju!f)nirf)t t <71 ) 
Aift rait ami m»sN{j«'N ( \7J, \7h) 

Si iffititit and nu'i hanft al nit-aNiHin^ ms? r urnonts f mi HJ) 
{ )pf M a! >uf*4u al, p[io!()>;f aphii , afid ulhvt insUumvn{> 

{ m \ H7) 

i i\ht't msmuUii \uf^^^^ mdusifu's tc)ha< t o nianiitai tufff> {J1 ), 
pfffMif^^ and puhhshtn^ {27} Uwthvt fjfodiu ts ( n l, and 
nuNi rlliifit'injs imuudai tunng indmtfits ( !*^) 

Nonniafujf tufff)^ indiistrir> agfu ultuff. tuffstrv and 
tfsht^niN iU^OM) FMinin^ (1t)lJ 14j, < ontrat t ( onsif Ui tum 
{)'t transpnftatitm afid othrr pubiu utthtit^s (4147. 
A'}), wholi'salt* ami rrtatl tradt* (SO fmiifuiv in>uiafUtv 
.irnj ft al t'stati- |N)^>7) ami srlf* !<*d %i'fvi<«* tmiuNtfu»s 

i"^'' ^^'K m7. m]) 

( omp,mv si/o t /ass - ] hr si/v o! a i ornpany as d*'U»rpiinrd bv 
th<» lotal nunitx'f ot i?s ^-ntpluyi'i's I hiMsvc t ornpany nj/i> ( iasst^s 
usi>d m this rt'pofi art' jt»ss than 1 (XX) rmploytt^s, 1,(XX) to 4,M9<^ 
fJT^ploytn's IHH) to fmployoos, 10,(HX) to i4,SM^) 

<»mplov*M*s;and ^'SjXX) or niorr *»nipi{jv<H>s 

( bss(iti,itiun of fvportfnj^ units --^hv (ompany or (Ofporati* 
tamilv whu h an ludvs all «*stablishmfnt> under tomnion o^m»f 
ship iH iontfol Sinularly, f»Jth conipdny is tUssifani m *i single 
si/i* < iitfi^ory un tN» butif^ of ii% toUl empioynu'iit 

( Qsf per R&D st/t'nf/W or eni^^netv Pt»f}Vi»<J by djvidmg !h«» 
anthnu'tK n>van t^H» nufnl>t*f of K&D >c irnti^ts and cngmrors 
f4*|K7rU»d m cat h industry fur Mnu«irv in tw^o coim^tutive y«»afs 
»nto ihv t<)tal R&f) t»\jM«ndj!uf<^ for inu h p«iftM ui*if indu>trv 



Sorun^iiLibtlity of cerfj/n .sfjf/sffo -fsttniat-s au* *\(thMd- 
|{)f not n^iM'tiM^ pubhiation st^UKit'fds tor r«Msons such as t»x 
tft'fiH'K fij^h assoc iMvti saniphn^ i»rf<n ot f^tinuto, h\^h tMv ot 
Mnpiitadon (uv<»f Si) f><-rct»nt) hi«i .lysr ot t,^i)uft* Ot lompanu.*^ to 
rt'poTl p<jvMbl(' ihsi lusuf(» ot data on an mdu uiual ( ornpany, or 
< as<'s data wvw iru onsistent for \m lu^ton m a t\mv M»nt»s 

In tat>l<»s, the tv'fni nul M'parat^'l> awiilabU' but miludtHi in 
totuT jmiu ati's statistic Wf^'K- not pubhshini tor any ot Xhi'sv 
reasons In sonu^ mstani vs, vMlhhrld data ^ an be di«ra<*d by sub- 
tfat tH>n tfotT) hti;hvr totaK Whvtk^ this is possibU* ihv data 
uM'f should bv asvaft' tfiai thi* di-nvt'd numbers are statistualiv 
unfi'hablv In no mstan^tv hnwf\rf. « an any data bi* d<*nv<»d 
vshu h v\tjui<i di^i {oM» th<' op**^^tions ot an nuJiMdual company 

QuvstKXhihlo fiafa Data vsfth m»putatu^n fMvs ovvr ^) por 
ii'\n havf nt)! b^'i-n pubhsNxi I'st-rs should tonsull appendix 
tahlr \ 1 lof imputatiofi fatrs ot sp<»< itu itrnis 

M(*thcd of tompufjf/on Ui'tailfd statistic s m thv tabft's may 
not add tn totals <,: subtotals bvi ausi* of roundinj^ Also. ;H»fCi'nt 
a^<»s vviTi* taltulatod on \hv basis ot thousands of dollars and 
njav diit4M from thosv basfd on thv foundi»d tiguri's shown 

Methodology of Survey^ 

Ihr san)pk> usfd tor thr 1977 Surv<»v ot Industrial RestMfth 
and Di'Vi'loptnont rt>prt»s<»nttHi all manutattunng industries and 
those nonmanuta< tuf.ng industries known, on the basis ot 
earluM. more detailed samples, to conduct or totmance research 
af)d development The sampling unit for the survey was the com- 
pany, detmed as a business oi^ani/ation consisting of one or 
more establishments under common ownership or control Ap- 
proximately once every five years, a new panel for the R&D 
surv<»v is svloi ted A new panel was selected for the 1976 survey 
(the tirst since the 1971 survey) Approximately 11,500 manufac^ 
tunng and nomnanufactunns companies are mcludcHi in the cur- 
rent sample, which consists ot about 4,SO0 certamty cumpanitrs 
(those with nX) percent chance of inclusion m the panel) and 
about 7 (XX) noncertamty companies 

Companu*s m the new panel which had recinved an RD 1 form 
m the old panel once again received an RD l form in 1976 (about 
1,1<X) companies) This form set-ks detailed R&D mformation 
The remaining certainty and nonc^rtainty companies m th^ new 
panel received an RD 2 survey report in 1976 form HD-I is an 
abbreviated version of RD 1 and is qnly maik»d to colnp^nies m 
the year in which a new sample is drawn The purpoin? of Form 
HD 2 IS to canvass smaller R&D performers with a minimum of 
reporting burden Once the RD'2 forms were recetv<*d and 
tahulatcHi from the survey respcjndents in 1976, they were re- 
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Tabie A*1. Imputation rates for seiected t tains on tha research and development survey by industry: 1977 
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Table A-1. Imputation rates for selected items on the research and dOYelopment survey by industry: 1977 — Con. 
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27.0 


18.6 


46 > 


.4 


14.7 


.9 


.4 


7.1 

32.6 
25.8 

34.1 
.4 

28;? 
35.; 

— -.. ^ 

22.3 

46.1 

^ 


45.9 


29.7 

46.7 
61.9 


43.1 

17.5 
26.9 


37.3 

23.0 
34,2 


76J2 
16.2 


66^ 
1.1 


- 

2.4 

.1 


5.7 

33.7 
5.7 


10,2 


11.2 
1 1 


3.1 
5.2 
8.4 

46.4 


12.3 
4.9 
6.4 

29.6 


71.7 
100.0 

64.9 


6.8 
36.4 
16.0 


40.4 

11.0 
2.3 

66.3 


91.4 

7.3 
IJS 

8.5 


6.7 
66.6 


48.7 

19.0 
9.8 


62.7 
13.6 


54,7 
9.4 
21.4 


3.6 
3.4 


mm 

5.7 


30if 
$3.0 


3i;3 

24JI 


19.8 
60.9 


83.4 

19J2 


; 9.3 
29,1 


25.6 
66.2 


62.3 
5.4 


57 S 
87.^ 






38.3 


7.2 
2.6 


6.7 


24.6 

4d Ai " 


25.4 

3S.3 


23S 

10.5 

... M..,,>,.i 


6t,0 

39.3 


66,4 
86.8 


35.6 


29.1 
17.5 


173 
22 s 


24.5 


7.8 


.5 


,3 







pi'nditufos iA Hi ^tv.itvf wvfv i unvfft'Mi Uy \ ntm Hi) 1 

and m*nU*d \\\th r»fh4»f K{) 1 i onipdni*»> m tht' 1M7; Mjfvt'\ f hfff 

.iff fU)! jn.tilfd jnothiT torn) hut d.it,i for thrm .ur fstnnHtfd by 
tht* Buffuu u! thv i t-riHUH b*jH*»d upon thnr l<^7b N'poft 

All nianut*u tunng and tf<i nonmanuta< tunng < (>iTipafiit»s 
(m SU' > 4M, 7V)J ^'m, jnd «*M 1 ! with 1,(XX) Of ftiuft- 

<'f7tpluv*-*vs v\ff«' jfit lucJrd if^ thv saniptr ii%ith c t'ftamtv Mdiiut«u 
tiumg ami ^flt-i tft^ nuiHTianutai turifi^ <unipanjt»s with tfwt»f 
than I.IMK) riTipKjv«*fs wvrv >»iiTipU'd at ratf> ticpvniiifig upon 
ihvtr ifukjiffv afid i'nip{u\nu'nt si/*M t»jbh' A J) T ht' source of this 
^anipU' vwa-. fhr 1^74 Standard S?att>fKal Utabhshnient li^i 
iSSH ) I h<* SSi t wan u'.t'd for fhi- first Umv \i] 1M7t> as a ^oufM* 
fur tht' K^^i) H»in\plf f uf othi*r fx >nfTuuuita< tuf Jfi^i fntiustrtcs. thv 
saniplt' v\j> b^M'd o?i !hf TH^ti rt't urcis ot thf So lai Sfcuntv 
AiJm»n»slf.itiuf> 

I *u h vt'»u fhf afMUial Drpartnu-n: uf Uffrnst* IDOI.)) ar^d \a 
tional Af/tunudiv I and Sp*Kc Adniinj>tratJon (NASA) hsti of 
H^l) jonffii* f<ifs jff ft'VK'vvvd to t^nsurt* th*d tht» lar^f iontrai 
tiifs ^ur ifu IuiUmI in fht* sanipU- lor xhv 1<^77 surv<»v. th** K&I) 
p€ThHnHn>4 f!i.jfnjt.!i fuftn^ ( c)fTn>ant<'> from thf ^yO lar^fsf NASA 
luntrat tor> wrrt' iu<U'<} in Tbt* ft'p<>r!ing pant'l with ttTtainty 

t pafta ulaf >«ifT)pir ^fUM ffd i> i}nr i?t a lar^f nuni^HT of 
s.Hnpii'H (>i rhr >cunf ivpt* ami ^i/f that, bv thafUf. might havf 
bt'fn >*'ltM ft'd t >timatf> trufn t*at h ta tht* <idtt*ront Siirnplrs 
wouhi dfft<*^ 'Honh'vvhat Trunj fat h utht'f and tr^.)n] the ri'sults of 
,t 1 4jnipit'fi' < afiv.iss t (>fnUj( trd ufHlt-r i-ssfntially ttir sanu* i ondt 
fiuns *i> tht* >ur\<'\ Tht> vaf)ati<?fi an\(jn>{ fht* pfjssibU* t^st imati's 
IS d< t(n**d f>v fhr >an^pltn^ vrror fTifa>uffd tn Ntanciarci error 
iintfs I b«' t nnipif ff tanva^s tofal would be iruludeii tn the 

1 Hum f»ni> >!.md.ird e^ror tieff)v\ f(» one standard error 
abtnt' ihf dfftveti fsftrnate tor about twothirds ot ali possible 
saftTpli'N 

J I f<?ni tvvu >f,tnd,iri| f'rr«jfs belovs to tvVO st«{n(i4tr<i effOfs abov*» 
the dff»\rd esftrnatf for abnut percent ot all possible 
>afTit>Jt'> 

\ Num» thrr*' >taruiard errors be'ow to three %tandard errors 
a^Kive fhr- d«niv<'d estimate almost always 

An Mifefeni*' that the < tmiparat?!** cfimplete canvvH!^ total 
Wfiudd bi* withm tiir rrtdn ateti ranj^e^ wiTuhi hr cfmvrt m tipptm 
inratelv the^ relative trecjueni les shown Those pro^>ort}Ons>. 
therefore may b*' interpreteci as <jef tnin^ the ( onfidence that the 
e^ktimafes from a partKular maniple would ddfef troin cofTiplete 
v«viW)|e fesults by as muc h as cjtie tyva, or thfiv standard errors, 

f Of example ^upposi' afVestimatef} total is shc?wn as AOO with 
an ii»iH laled relative st.irulard error of 2 pi^nent I hen, there is 
approxiniatelv b7 |.H*ftent t tmf itieru e that the interval \H2 to 408 
imJud*w th#* < ompiefe <anvavv total ab<Hif *IS perct»nt ton 



fidente that the interval ia4 to 41f? includes the <.ofTipi*?te can 
vass total, and alrTiost certain contidem e that the interval i7b to 
4J4 includes the complete canvass total 

As stat<Hi the standard error refers only to sampling vana 
tions In addition to the sampling errors as measurcni by the 
standard error, the ei^timates are subjec t to errors in responi»e, 
t cnJing, prtK essing. and imputation tor nonresponse These non- 
sampling errors would also m cur if a complete canvass were to 
be (ondutttni under the same conditions as the survey 

T he 1977 standard terrors ot estimates tor eat h industry, tor all 
i urTipanies and tor tho>e with fewer than 1,0(X) efnpluytH.»s, are 
shown in table A ^ 

Ihe forms tor the survey wef<» mafU»d m january 1978, and 
nunres^Hjndents received folljwups by mad Since total R&U 
performarue funds, total Federal R&D funds, total net sales, and 
tc^tal employment are intkided m the Census Bureau's man- 
datory statistical program, the tew companies that did nof ripply 
to U>rn^s KUI in 1977 were matled the Census fp*..» MA-121, 
which collects these niandatory items 

In the ahsenci* of respondent distributed data. Census has 
estifTiateci data t<jr items as r<^quired in ac tordaiu e with past per 
tormarue and industry averages Table A T shows imputattun 
rates for most items on the R&D survey form 

Comparability of Data Over a 
Period of Several Years 

In the surveys of industrial r^'search and cieveiopmerd, there 
has ^>«*en substantial comparability over any i-year penoci This 
IS i>ecause the respondent has had before him, on the same 
report form ustxi in current daU. the figures for the 

previous year as reported by the respondent and as entered on 
the form by the Census Bureau before maiimg, the* resptmdent 
has l>een asked to adjust the data for the previous year as 
necessary to make it comparable to those of the current year 
Such ad}ustrYients have been macie to reflect, for example, 
i hanges m reporting concepts or changes m company structure 
such as mergers or acquisitions To mamtain some measure of 
c dnsistency, thc> employment-si/e classification of any company 
affected by such ch<3nges has bc^n adjusted so that the company 
IS ta bulatcHi m th^ same employ nwni-sue category for two con 
secutivc? years 

Some measure of the degree of change reflecting these ad 
iustnu*nts m contrast to an ac tual change in R&D activity can be 
gained by comparmg figures for the same year repented for two 
su<cei»ding reporting pi»nods, e g ^ 1976 R&U >tdtt5»tics in the? 
final refK)rt of the V}7b survey and the revised 1976 R&D 
vtatit^iK% tfi th» Imal u^port of (he t977 syrv4>v The Cot^ls for 
broad classifications are likely to be very close in the two 
reports, hut in the finer detail, larger differences are noticeable 
!he results underscore tN» point that the measures are approx 
imate and {ndicative rather than precise 



Efforts to Improve Data Quality 

Beginning in May 1975 and extending through the following 
year Census Bureau personnel, m ccx}rdtnation with NSF staff, 
conducted an extensive Response Analysis" of the Survey of In- 
dustrial Research and Development The purpose of the analysis 
was to discuss, on an in-depth basis, each of the items on the 
survey form to deterrriine the sources used by compames to pro- 
vide thc^ data, the extent and methodology of estimating pro- 
cedures, completeness of re|>orting, problems encountered by 
rt»spondents. and related questions lnterv»t»w'S (112) were con- 
ductc*d with representatives fron) firms m a wide variety of In- 
dustries with emphasis primarily on the larger R&D performers in 
the most R&D'iotensive industries 

The ccjrisensus among members of the Response Analysis in- 
terview tearn was that reporting of d^jta on total R&D expend- 
itures by sources of support, (i e . Federal or company funcis). and 
geographic location, net sales, tf>tal employment, and R&D 
scientists and engineers, was based on company records and 
these data elements could be considercni an a.<>curate reflection 
of company activities 

CPut^stK^ns on scientific and technical information (STl) ex 
ptmd itures and company research and development as indirect 
costs of Fc»d*^ral contracts were found to be very difficult for 
companies to answer and the (ii\ta were determined to be 
unreliable These items were removed from the survey Also 
deleted was the question on the employment of scientists and 
engineers m terms of 'man years " Analysis of historical data 
showed little differences between these employment data and 
the average of two january totals, this finding was confirmed by 
company officials. 

It was learned that most companies do not maintain separate 
accounts for salaries and wages for scientists and engineers and 
for supj)ortmy personnel and that the estimates provided m the 
survey were extremely weak Therefore, the item was simplified 
to obtain a total figure for scientists, tmgineers, and supporting 
personnel 

The breakdown of R&D expenditures by basic research, ap- 
plied research, and developmejit data was cited as one the 
more difficult items to provicJe and one requiring fyrfher 
clarification in the di*finition$ and instructions To assist 
respondents in overcoming these difficulties, a number of steps 
were taken First, Census Bureau perscmnel offered suggestions 
regarding specific proWenss. Cimpany oificiai* wew eocwi* 
ag4rd to rely to a greater extent-on "infcnmed estimates ' when 
precise data were not available: Some changes were tnadeto the 
survey form to emphasize the more important instructions, to 
provide the opportunity to report that certain R&D activtties 
were not undertaken by the firm, and to clarify the def initiws of 
both net sales and "contracted-out" research and dev^o^ni#nt. 



tfwiustry Codes for 1967-77* 



tl.tsMfu ,!tK»n> tof ifuiivuiua! ^n{flpanft•^ ft»r 1*H^7 74 (vvhuh At-h' 
utili/t'd in i\H' atiufn for thus*' vfaf>/ %wrf ufi^if)alU 

%vrfn 1*M>; ami V^74 irv sU i (xje f(.,f j t ompanv un ttu» KiCU 
SUMS Keni'MlK feniaint-d Tixrd ,ind K'tUHtt-d thai i umpanv > 
pnrn ipal ai tivHv a> of M<»v\t'vt'f undt»f < rftaui t ir 

I unin!an< fs >U4 h a> tN- ftu-r^fr of two or mort* Cim)panu-s tht- 
awitijMtion or <jnc oHTipain bv .Hunhrr or tht- ft^rniafjon of 

ionglomt'raf^^s fht- 14^,7 SK ^ mk- fur a ( cmipanv 4 ould 
havf < han^tuj f ht- Huf*'a4i of \hv ( t-riMn ^ nuld fiof Ih» awart' of a 
pONNiblf nt'vv SK iixiv U)r a ionipanv until tht* 1M7() rH»vv sartiplf 
«'a% iU,iv%n ha>»-d upon tht- 1*r4 SSt l u\f iSft- .ibovf dv>i npUtm 
of thf nfv\ >a{nplr ; When th*' rit-vv s.mipJr v\a> st'l«-i tfd fht' in 
du>tfv ( <Hirs of ^ ornparnt", jn both tht- old and n<'v% panoN Wfft» 
fxamint'd tur piKsjhlr * ha.i^t- f <)f lar^^'r RM) ^ofnpanjrN whu h 
had sv^ iU ht^\ ffidi:%(rv ( iHk"> bvtwi^'f) panels tht- htstoru al K&D 
tabli»s (f i4 . 1'H>8 :'4I havt' UtMi ad|u>rtHi tu fffUu f tht» ihanyt* m 
< offipanv .It tivJt}f> \s It <% not kn<mn nornudU v. * a ^ ornpans 
(hanKe(i ils industrud a*tivtttt", :hr (i.ifa wrff ad|usfed in the 
folk>wjnj4 f*i>hu;n for t ijinpanu's ( han^<in>; jndu>trv ( ixioN bt-f 
wt't*n 1<H»7 afui 1*»;4 fht- tmhj>tfN tutai for r.M h of tht- v<Mrs af 
t^Htfii fhfou,;h lM:'4t v\tT4- t'>t>niatfd to hav*' i han^;t'(j at »i 

t onxtanf rat*- o! 14 t ptT^ t-fu i>ff vtMr At t ordni^jy thf data for 
thf induNfrv m whn h h a t Ofnpans ha<i bn-n i l^is^Ui^d m 1*^)7 
v^ofo d<»flatriJ bv 14 \ ptTct-nt jwr v^-ar tor tMi h of tht' yfars 
1'*f»^74 g U i p#-r(*-nt >ubffat ft«d tn 19l>a. 28 b pcrti-nt in 
1%^), 42') in l^rn rti Smiilarlv Thr <jata for th- industry tn 
-'uih %u<h a (onipanv was HasMtu-d in 1974 wort- inflati'd bv 
' {}^n f>nx iwr Mwr Un ra« h of th^' vtMr> VMil^ 74 Tht- industry 

..J*' asst^^nt'd fo a i uftipanv tor V>'4 i> al^o usvd tcj c lassifv that 
coHJpanv a* i*vt!tf> Un fht» v*'dr% Vr'S '^^ 

Ih«' foilowin^ rm'a>uff<^ wt^ff a<i)intt'<i in this rnannt^r NurrtbiT 
of St K-nti>fs and <'n^{ntH'f> fumK tor rt-M-ari h and dt*v«»lopm<>nt 

total, h^h-f.il an(i t ooipanv fU't >alfN. t ost pt'r N&D sc if ntist 
and pn^intMT. and baxu ff'^t*a^< h fxpf*ndjfiirf> Ihvsc histofu a} 
(i*iUi Uif t»xarnp|f in st'ltu tfd t.iblfs ot thjs NSf ptiblif a 

tion on rt.s*Mfih ami d*»vt'lopm*»nt in nulusff-y {Sw tablt*s B 
Bb, B*f H^h H.'«^ H U and B4I>) No ad)ustmrnts w^Tf madf 
in data tor t>th*f nu'a\or<*\ 



f«^'f/ i« 'fnf.^f, $ f .-.^.^r^rr*, M^M.^,s^ 'j MVi; ( VV.l-.hmyff rn ^M)44)*' 



Table A-2. Sampling ratios used In the selection of manufacturing 
and nonmanufacturing companies included In tti© survey of industrial researcfi 
and development by Industry and size of company. 1977 



industry 


SIC code' 


Companies with toi^ ^nploymem of - 


1 99 


100-499 


500-999 


1000^ 


Food and kind/ed products 

TeKtiies and apparel . . . 

lumber, wood products, and furniturti . 

Paper and allied products 

Chemicals and atlied prc^kicts 
Industrial chemicals 
DfuQS and n>edk?irtes . 
Other chemicals 

Petroleum refining and ©xtractton 
Rubber products 

Stone, clay, and glass products 

Primary metsts 

Ferrous met^s and products 
Nonferrous metais md products . 

Fabricated metal products 

Machinery 

Office, computifty, and accounting 
machines 

Electrical equipment and communication 

H^dlo and TV receiving equiprT>ant 

Electronic components 

Commurttcation equipment and 

oommunicatton 

Other efectrical equipment 

■ 

Motor vehic{e$ and motor v^icfes equipntent . , . 

Other tf^nsportation equipment 

Aircraft and mii«lea 

Professionai end i^clentific instfuments 

Scientific and mechanical measurmg 
instruments 

Optical. surQfcal, photoisrapbic, and 
other in^un^entf 

Othef manufactuHofl industries 


22^23 
24,25 


.006 
.006 
.010 
.006 


.050 
.031 
100 
.062 


.750 
1.000 

.750 
1.O0O 


1.000 
1.000 
1.000 
1.000 


'281-82 
283 
284^ 


.111 
.333 
,014 


1,000 
1.000 
.686 


1.000 
1,000 
1.000 


— ' 

1.000 
1.000 
1.000 


29,13 
30 
32 


.062 
.010 
008 


1.000 
.200 
.200 


1.000 
1.000 
1.000 


1.000 
1.000 
1.000 


^1 32,3398-9 
333 36 


.008 
006 


.142 
'62§ 


1.000 


1 nrm 
i .uuv 

1.000 


34 


.010 


.200 


1.000 


1.000 


% 
357 


.006 
.006 


.125 
.125 


1.O0O 
1.000 


1.000 
1.00U 












366 
367 

366,48 

361-64,389 

t^——— — ^ — . — , 


.063 
.031 

,031 
.082 


1.000 
1.000 

1.000 
.333 


1.000 
1.000 

1-000 
1.000 


1.000 
1.000 

1.000 
1000 


371 

373-75,379 
372,376 


.018 
.029 
.111 


.500 
.686 
1.000 


1.000 
1,000 
1,000 


i;ooo 

1.000 
1.000 


381.82 


,200 
.082 


1,000 
1.000 


1,OD0 
1.000 


1.000 
1.000 


21,27,31,39 

739307.891, 
737 


.008 


. ,062. 
.500 


jLfloa . 

1.0QO 


1.0O0 








,010* 


.600^ 



Mtmtaf 1972. Waih^nflton D.C. 20402: Siiirt, of tSocwmots, U S. Ck)viimm*nl Piin^nfl Otfict. 
c«w«wftff TE SO Wl*th«rt»u64«mptodaf i1/50r««. ThQ«*wWit6 SO mw« not lirfMwnpiMl 



Table A 3. Standard error of estimate {percantage) of funds 
for R&D performance for ail company size groups and for companies 
tMith less than 1,000 employees by Industry: 1977^ 



Total 



Food and ktndfed pioducts 
Textiles and appaiel 
Lumber, wood products, and lufrnture 
Paper and allied products 
Chemicals and allied products 

Industrrai c^efn^^ais 
Drugs and rnedicmes 
Other chemicals 

Petroleum refining and extraction 
Rubbef products 
Stone, day, and glass products 
Pnmarv metals 

Ferrous fT>etals and prcnlucts 
Nonferrous metals and products 

Fabricated meta! products 
Machinery 

,^ Office, computing, and accounting 

rTYachines 

Hfectrtcai equipfT>ent and comfT*unicatiufi 

Radio and TV receiving equipment 
Etectronu: components 
Communtcatton equipment and 

communioetron 
Olher electrical equtpinent 

Motfif vehiclisa m^d motor vehicles equipment 

Other transponation equipment 

Aircraft and missiles 

ProfeUM^fMN and scientific instruments 

Scientific ar>d r>echanicai measuring 

instruments 
Optical, sijfgical, photographic, and other 

instruments 

Other m«niifactunr>g industries 
_?tenfWiyfactU{ing industries 



SIC cocto 


Total 


C<MTipAn^ with 
less than 1,CX)0 
employees 




i ) 


5 




J 


59 


22.23 


6 


36 


24,^ 


3 


30 




6 


38 


28 




5 


/Ol (Sd 


i 5 \ 


6 


283 




3 




4 

1 


8 


29,13 






30 


1 


11 


32 


3 


32 


33 


2 


27 


331-32.33989 




16 


333 36 


3 


32 


34 


f 2 


13 


35 




12 


357 


1 


25 


AO 




7 


365 




3 


^7 


1 


6 






a 




1 


22 


J/1 


K ) 


23 


373 75.379 


1 


16 




^ ^ ^ 




38 


1 


6 


381-82 


2 


9 


38387 


1 


8 


21,27,31,39 


3 


25 


^ 12,14-17,4147, 






4a€7,737.739, 






807,891 


6 


17 



,j^4iMK»?pt»n.o< ttt« e"4f of sft^n^^e ^iif*^ m appa^Jx A a5<Saf *'Matnodoidgy of Sufvey " Tfit pefctntage (Of 

fsuttve) !i!af^rfi*fd ttffofs m fhfs tabfe may be convurtmi to sfaf?dard f rrom of aitimata toy miflf Jplymo lha percantsga shown by 
tr>e «i»ocist«d »tt}m«t« Far iiK«mpie. \vm r»istiv« sianda/d etrw of tttimata for fWiD parfofmanca lor ail company sUa 

^gr6l*pi in tt^atcfed aH<f kii^drad p<Mu<:f« mduttry (Sic 20) \% thown us 3 parcent. and the assocjatad total'ftiD aitimate iof 
ttiit ifKjustry la nnoinn ai S3ea miiHon >ft tat)!© B 3, • Funds for RiD by Industry ami Sua of Company: 1977." The standard ar 
fQf 0i ««fffnat«, fh^n. (5 03 t»mea 36a n 0 
aaaa than 0 pef ^^ent 
SQMHCi Nat^ooat Sc4em;:f Foundation 



APPENDIX B 

Statistical Tables 



\n ail Uhlt% of this report 

• V^Wih may not add to louh because oi 
rounding 

• Percentages were calculated on the basis of 
thoiiwnds of doUars and may differ from those 

- -isased on the rewnded figures shown. 

• Percentage changes are increases unless other ' 
wwietfuiicated 



Total ^unds for Research and Development 



H 1 Jrvmis m funds tor industnal rt'MMrth ^ind 

>^it»vi»lopment by suufc** of funds 1456 77 
B 2j Si'k'cttHi data for K&D pffformmij 

tompantes by m<iu*»tr> 1976 and 1977 
B i funds for it»V4*arch and dt'velopment by 

industry and siiie of company 1956, V}h^, and 

VHji, 77 

B 4 funds for fcsuarth and dcvflopmenf by 

industry and sekiii^d t<>n>pany sui^ group 
1977 

B ^) funds Uyf rt'suarth and devt-lopmt'nt by industry, 
si/<» of iompcjov. and si/t* of R&D 
pfuj^ram 1977 



Federal Funds for Research and Development 



B6 federal funds for restart h and devolopfTient 

by industry and st/e of company 1957, 1%^ and 
^'HA^ 77 

H 7 f ederal f ufuis for reseafc h and development 
by industry and cofTipany si/v yroup 1977 

B 8 Federal funds for rei^eafch and development 
hv selected industry and ajjency 1%?64 



Company Funds for Research and Development 



B'9 Company ^umh for res^afch and 

dev«»iopment by industry and sue of company 
1957, 1%.?, and 1966 77 

B 10 Cofapany funds for re%e<irch and 

development by industry And selected 
company sue group: 1977 

B 11 Company financed re^arch and 

development contracted to CHJtsid^* 
organuatlom by industiy and 5«ff»cted 
company size groop; 1976 and 1977 

B 12 R&D-perfomilng cortipanies with 1. OX) 
or more employees and numbef 
contracting research and ckfvelopment 
to outsirfe cHgan(2!atlons by industiy 
ami of c^Hpp^nv: 1977 > 

813 Company research and development 
performed by foreign affiliates of U S 
domestic companies ootside the United 
Slate* by selected Imiustfy: 1974-77 



B-14 C ompany funds for R&D performance 

by sylecttMd industry 1977 actual arnJ 

1978 budget estimate 
B15 R&D-performing companies in 

manufacturing and nc^imanufactunng 

industriesby sue of company 1977 
B 16 R&O perfonming companies with 1,0CX) ot 

more employees by si^e of company and 

R&D program 1977 
B'17 R&D performing manufacturing companies 

with 5.000 or more employees by industry 

and percent change in R&D funds 1976-77 
B 18 Percent of total, federal, and company funds 

of R&D-performing conipinies ranked by 

siie of R&D program 1972 77 
B 19 Percent of net sales and employment of 

R&D performing companies ranked by si/e 

of R&D program 1972-77 
B 20 Percent of total and Ft^deral R&D funds and 

ot net sales of R&D performing companies 

ranked by size of R&D program by industry 

1977 

B 21 R&D-performing companies with 1,000 or 
more employt»es and number with federal 
R&D funds by industry and size of 
company 1977 

Geographic Distribution of R&D Funds 

B 22 Geographic distribution of funds for industrial 
research and development 1%3 and 1966-77 

B'2J GcHjgraphic distribution of funds for industrial 
research and development by source of 
funds 1977 



Distribution of R&D Funds, by Major Type of Cost 



^ B 24 Distribution of R&D costs by industry and 
type of cost: 1977 
B-25 Distribution of g&D 'costs by industry and 
type of cost: 1976 



Employment ol E&O Sdenti&ts and Engineers 

B-26 Full time-equivalent numfcief of R&D 

scientists and engineers by Industry ^nd si^e 
of company lanuary 1957, january 1%3, ami 
/amiafy 1%fr78 

is 



full ttfiM' ♦■quu^jlf'Mt iibifib^'f Mf HSi> 

(}f KM) tu'i«J% j.nuuifN r^r" .jftd 
j.ifiU.lfN t**'H 

KM) Si i#ntfs?\ jn<i i'n>^in«'*'fN jn-f 1 <Mh) 
V^ tH .ifUi 



R&l) I u«uls Kt*iati\i to ln)plu>nuMit and Nt*t Salt^'i 



< ofnp.tf^H-N r,ffikrt| M/t- uf K^M) f)f<jgf.}n} 
H i.' 1 « if ,i} I'fnplf >v nwf^? < }f K^^l ) pt'fT<trf!nf^>i 

H lo!,ti .Hid iiffnp.jrn Hif*[) TundN i>*'f <'fl)pl()\ 
b> N'/r t.it t ( iHfp.niv i 
ii t4 N«-t N.ji«'N of K\i ) jH-rJof fiun^ fTUHUjf lU lunn^ 

< ofTipjfiM-N h\ tnHiisffv .ifnJ ni'Um ttui 
t onipMMv Nf/«' ><r< Hit; 1 'ti .{nd 1 

H K^{> Tuf^d^ .jN ,i prft rnf of n.jU's if> R%H,i) 

p<'ft« jf finni; fTMfiut,f« furin)^; f nrtip.inirs hv 

H t of!tp,H»v KSiJ tunil> ,t\ p#'f( rfit of n»'t 

N.ii^'N 1/5 K\n pi'ff of niin>4 injnut.H tiHin^; 
i ornp.Miu's hv (ndiislfv .iiu^ m/#' o! 
» ornp.tnv 1'* >^ ^Hi i jful 

H \7 KM) Utni\s ,1 pf.f, rnt of fwt s^ilvs in K^l) 
pff f Of nnnji; fn.wiu?.}i tiirifi^ i onip^jflM's 
f.inktui t)v M/«' i)t K\l) proi4f,UT) by ifuJustfv 

. rr; 



ii m i tMiiparn H,*iU fufHis ^H*fi**nt of m»t sdiiM 
f linked by s{/t» ufnt*! salt*^ by induNtry m77 



{■nergV and Pollution Abatenunit R&D 



H J*^* I %pfruii!urt»v for i*ner|4y frsisut h and 
cifvritjpnu'nt by ^t^UHttHj jndu«»lfv and 
suufM* ut tun<is 197b 7^5 

H 41J Ifiiiiistnal mfH'ntjitiHe^ for c^nofgv 

rfM"«uth arui dt'vt'lopnifnt by prtniarv 
f^^^^uuri.4» and vuyrir ut funds 

H 41 I %p<'niiituri's tor pollution ab*itenn»n? 

r«*sfanh and drvt»loi}f*nt»nt by mdustry and 

S4)urt e of tund> 1^7b-7^ 
h a: Industrial t'\jH»ndJtufcs tor |K)llufton 

.jhali'nii'n? fi>M*afch and dev<'U>pnu'nt 

hv !vp«' of poilution and sotifit' 

<)t tunci^ Vl7b 7« 



furui^ for Ri'search and Funds for Devolopnient 



II 4 i } ufKi^ for hasa rvMwn h, .«ppht*d ivsiwn h, 
and dfVi'iopmont Vr> $ 77 

B 44 funds tor basu research, applied rt'srarch, 
and dt»vi»Iupmi»nt by induNtfv and si'k'ctt^l 
^ i>n)panv si/t» ^ruuf) V?7h*ifid 1977 

15 I unds tor basu resiMft h, applu'd r^^st'art 

and di»vt»lopnu»nt, by industrv, source of 
tunds t\nii seUnted con^pany stiv group 
1M77 

li 4*' I unds for baNK r<*Nvan.h by mdustry «ind 
M/e ot u^npany mS7. and 
VH)t>77 



B 47 f-unds for mdu^itnal ba^tc rt»search by " 

fu'id of Si lence 1967 77 
i\'4B funds fdf basic reu'dfch by industry and 

tu'jd of science 1977 
B 49 R^D fH'rtofmmg tumpanies vyith *?,(XX) Of 

more emp!ayet*s and number ot companies 

fH'ffofming basic ft'seafch by industry 

1977 

B 50 Funds for applied rese^Vch and deyelopment 

by product field 1963 and 1966-77 
H SI funds tor applitnl research and deyelopment 

by product field and source of funds 1977 
U 32 funds tor applied research and development 

t>v mdcistry at^ product field 1977 
B 5 3 funds for applied research and development 

by mdustry and prtxiuct field 1976 
B 'i4 } unds for applied researt h and 

deyelopment by industry and secondary 

product field 1977 
B 5S Funds for apphed research and 

development by industry and secondary 

produa field 1976 



f FRPC's 



Industry adniinistercHi tt*deraily funded 
researt h and development centers — 
tunds by tharaiter of work and 
composition of work forte 



5n 



TabJfl 8 3. Funds for research and development by industrv and size of company: 1956. 1983, and 1966-77 



Tot#l , . . . . 



Food »nd Iiim4f«ci pra<iu(.t« 

T««t(4«f AAd «pp«r#i 

Lumber. wocKt pfotiuct*. ano fur OitufH . 

ChtfmicAU jmci product* 



Ofu9$ and ftiwil ft. m4?% 



P«trot«urTY ftffinmy and axtr^ictiQn . 

Rut)b«f pftKluct* , 

Sfon«, f:{«v «fvi gi^tt prcKlutt* 
Pftmary ni«tjU« 



Machin#fy 



Ofttcs. t ompiitmy. <r»ij 

Ra<1to tfn<1 TV wvmg «gujpm»n'. 



Comrrtunti Af tort «<4uipfrHiot 
Motor y«hKt«$«#>cl rtiotor v«htcl#« 



Oth#f tr«nfport«tfon #qu<pm9nt 

Atrcf«ft And mt««ti«« 



Optical. t;4f9k«l, photo^«pnic 
«rKJ oth»r inttrMfrmnis . . . . , 



Okmtmion by sa^ of ramfwiy 
<Mm^ an nwfiiHif of wmfiHaytm^ 

t,oao. _ 

1 ,000 ti 4JBBB , . , , ' 

«,000 t^^W 

10,000 to>4,9W 

25,000 Of rnofM 



SiC c;od« 



20 

22.23 
24 25 
26 
28 

281 62 
2S3 
284^9 

21i.1J 
30 
32 
33 



331 32,3398.3399 
333 3a 

34 

35 



357 

345,48 

36& 
367 



366,48 
361^4,369 



373 75.3/9 
372,376 
38 



3d1^2 
3113^7 



21,27.31,39 
07*12,14-17,41-47. 
49-67,737.739. 
807.891 



HP«^«(f {y .4lv«^iM>^ tKj! <m:iud*d m tou^ 
•$iC ciHl^f :kIOO «nd 3399 included m trw f>iMy#ff<yM» mtui* iwwl pfoducU groijp fof 1956 to 1965 




Si 



not UUHOAU^I ct tll4« {XiOr Id 19/2 
•Included In fh# ottwf fJfctfJemJ tqulpfntnt group 
SOUJICE: M«m^iii dciifi^ r<H4fidltlkKi 



52 



23 



Table B-6. Foderai funds for rasearch and devalopmant by Industty and size of company. 1957, 1963, and 1966-77 



tnduury and %kim of company 

TotaJ 

D^strfbutkiii by industry 



^ood and ktndf«d productf 

T«jitii«t and mpfmrmi 

Luml>«r , Mrood products, and furnitur« , 

Plp«r and aflM pfoductf 

Cf^ffm^aU «nd •lii«d products 



IndMstrtat cfiamzcaif , . 
Ouo* and m«d»Cin«a . 
Othtff ch#mK;#i» , , , , , 



Patrolaum rvfintn^ and 4#Ktr*4:f ion 

RuS>t>*r pfO<1uctf 

S«on«, cUv. •'^d glMt producti . . . 
Prmwi/y m«t#}$ , 



f •rfOu$ m«t«lt and products* , . , 
N0nf«ffOui m«l»l» ar»d product!* 



FabfkaT«d m«t«t products 
Machtnary 



Otftta. computmg. and 



(eilactf rcai •qu(pm«nT and comrnuntcatfOn . 

Ra<1io and. TV ra^aiving aqutprnant. 
Etacvronn: compon#/its 



Cornmuntcatton aqutprnant 
and comfTiunicatJon , . . 
Othar a^acff »cai aqutprnant 

Motor v«f>fclas am) n^otor 

vahtclas aquipniant ... . , 



Othaf tran»$?Or tation aquipn^ant 

Atfcraft and missila* 

f^iofassionaf and scrantific instrumants 



Sctantifie arfd mapthanica) 

rnaasuf ing mstrumantt 

Opt»ca<, surgical, photoyraoh^t , and 

othmt mstfun»ant» 



Othar manufacturing »ndust*'»#s^ 
Nonmanufacturing )ndustf»as . . 



Dmrtbutfon by su0 of company 
tb^smi on number of ^mpfoyem^ 



t,OOQ to 4,999 . 
5,900 to 9,999 . . 
tO OSO to 24.^9 
2^.000 Of 'nora , 



SIC coda 


1967 


1963 


1966 


1967 


1968 


1969 


1970 


1971 


1972 


1973 


1974 


1975 


1976 


1977 




$4,335 


$7^70 


$8,332 


$8,365 


$8,560 


$8,461 ^ 


$7,779 


$7,666 


$8,017 


$8,145 


$8^20 


$8,605 


$9,661 


$10«S45 


20 

22;23 
24;25 
26 
28 


(') 

(*) 

(•) 
89 


C) 

0 

234 


3 
0 

C) 

188 


2 

i\) 
0) 
{') 
210 


2 

C) 

0 
199 


1 

0 
192 


3 
0 
180 


2 

<■; 

184 


1 

1 

(M 
2 

189 


1 
1 

203 


1 

{') 

214 


0 

{') 
236 


C) 
C) 
0 

(') 
266 


C) 

0 

294 


j 281^2 
j 283 
! 284^9 


80 
9 


146 

9 
79 


158 

C) 
(') 


181 

{') 


172 

(') 


165 

C) 


158 

1') 


159 

\') 


171 

1*) 


184 

C) 


195 

{') 


218 

!■! 


249 

<P 
<*) 


278 
( ) 


29,13 
30 

I 32 
; 33 


1 1 

37 
U) 
5 


21 
46 
3 
ID 


18 
19 

3 
8 


16 

22 
2 
8 


34 

37 
3 
9 


10 

6b 
1 

10 


22 
71 
11 
10 


17 
69 
10 

6 


IS 
123 
14 
12 


14 

146 

15 
11 


20 
(' ) 
14 
8 


C) 

21 


o2 
(') 
(') 

26 


74 

(') 

h) 

25 


! 33132.3398.3399 


1 
4 


2 
8 


3 
5 


1 

6 


»^ ■ ■- . 

; 


2 
9 


1 
9 


2 
4 


3 
10 


4 

7 

1 — > 1 


i') 
(') 


3 
17 


4 

22 


5 
20 


34 

35 


38 
272 


24 

260 


17 
2B6 


— — ^- — ^ 
13 
3^2 


340 


8 

260 


7 

262 


11 

315 


12 
401 


13 
429 


14 

511 


27 
509 


36 
532 


45 

577 


35? 
36,48 


(^)^ 




(*) 






<*> 


(*) 


<•) 


(') 


(M 




486 


509 


546 


1.196 


1,849 


2,201 


2.296 


2,333 


2.390 


2,211 


2,258 


2,367 


2,410 


2,307 


2,30"^ 


2,556 


2,696 


f 365 
367 

i 


\ 618 


1,209 


1,428 


- 7.7- 

1.49B 


1.526 


1,557 


1,420 


1.479 


C) 

i 125 


146 


{') 
184 




0 


0 

« 


1 368 .48 
! 36 1 ^4,369 


678 


640 






0) 


0) 






' 1,417 


1 ,362 


1,137 


1,057 


1,093 


1,206 


371 

3/3 75.379 
372,376 
1 38 


i T90 

j 

2.275 
109 


291 

4^61 
81 


344 

4,724 
145 


360 

4,531 
189 


374 

4.533 
234 


290 

4.524 

237 


314 

4.005 
194 


309 

3^64 
164 


( 293 

I 26 
3,970 
161 


385 

39 
3,889 
160 


288 

47 
4,003 
164 


318 

47 
4,434 

106 


383 

C) 

iv,930 
155 


414 

C) 
5,496 
166 


j 381,82 


SO 




16 


— - 
22 


37 


35 


32 


20 


14 


13 


11 


7 


9 


6 


10 


{ 383^7 


29 


65 


123 


152 


199 


205 


174 


150 


148 


149 


157 


157 


148 


146 


1 21.27,31,39 
1 07 12.14 17.41^7. 
j 49-67737, 
1 > 739,807,891 


74 

} ■ 


190 


367 

234 

385 

) 7,530 


(M 
387 


C) 

431 


448 


C) 
480 


{') 
452 


C) 

431 


(') 
416 


463 


7 

310 


5 

376 


5 

437 


[ 

! 

1 


167 
^226 

3,942^ 


194 
425 

6.661 


229 
361 
251 

7,536 


<^ 
299 

7,662 


257 

7.526 

I— 


355 
412 
211 

6^01 


318 
367 
214 

6,766 


326 . 
372 
186 
( 619 
} 6,514 


307 
3S7 
187 
005 
67B9 


367 
378 
230 
430 
6.815 


273 
263 
287 
370 
7,423 


299 
270 
313 
S4S 
8.130 


328 
316 
388 

im 

8^71 



M>*^ SO S fwWton - O 
^H<^ tapa^ataiy avaMM>^ tmt incixnimi m taict 

f <jf 1957 ta^tiiaa and appaiai and iutn^t, «aod procliicit, and ^^fmu^9 ara tfuiliidad in nomnaniifacturif>9 industry. 
*$iC codas 3390 and 3399 mciudad m ffio nonfsffQiia mata^ii and productt group for 1957 to 1965. 



•Data not tatHjiatad at mm (aval prior to 1972, 
*inciydad tn« otrwr aitcincai tqujfjm«ni gfoup. 
'Estlmatad by tt)$ NalioAil Sc^anca Fo4imUtlon« 
SOURCE: Nationul Ss^l*m:a Fo«m$allon 



Tab!© 8 9. Company funds for research and devaiopmant by industry and size of company: 1957, 1963. and 19^77^ 



Industry sr\ii «j/y of cOfrip^nv 

towi 

Diitftbutton t^y industry 

food «rMt kir^Ureci p^odMCts 
T«Mttt«s and «pfMr«i 

LumbPf . wood prodMcts. and fufnitMfe 
Pap»r and aihst^ produi:t« 
'CNimtCAU ar>d jMi^d prodiictt . . , 

Olh#r tihwnijcalx 

P«itrQl'?um f«f jninq and tfMfa':lian 
Rubb«f p/oduct* 
Ston«, ci«v. -a^d Qla$» proc<u<-l% 
Prifftary -n#t#jt 

Nonfiirrpuft rntftal* and pfodut:t$ 

Fiibrtrafffd n^t«t prodiJtrt* 
MAchinttfy 



i,«ff th«n 1 ,000 , _ , 

t,000 to 4,999 

^,000 to 9,999 

ItiiC^OO to 24.999 . . 




0*fK!i«, computing^ and 

^\mcxrti:.d\ aqutpfTient an<l communi4iat>or> 
Radio 4m1 TV ftK:ejvmg equtprttcnt 

CorT>fTiuntcat*on «quipm«nt 

arK< t omrnuntciition 
Oth«f #N«ctrtc«i «qpipmii^nt 

Motor v#titcl<¥f ami motof 

v*hi*,i#% •quipm«ni 

0%f\m tr«r^p«rt*ttofi •<4utpfn«nt 

Aircraft ar>d mi«tJ«rs 

Professional and sc^Aniffic: msfrurT>4»nu 



Sciarifffic and m««:Hanu .31 

Optical, fufgjcal. photographtt, 
ar>d ottiar jr>$trufn«nfs 

(>thaf manufactufing frnjustnas 
^k^nm«nMf«i:turin9 if>dirttfi«s . , 



Otstffi^utHsn by $ti0 of compsny 
fltmwd on numbm of ffmpJoytfes) 



cCKlM ^99 JIM 3399 tfK:lud«<J m th# rtct)f«irou» n>«liit« «ni$ pfoduci* orowp im lft6M9e5, 
^0«4« rH>* t«tJ«4af»<i at th^# favat pritjr to 1972 



SOURCE: Hmoml Bmmnht foummion 



Table B-26. Fuil time-equivarent number of R&D scientists and engineers by Industry and size of company: 1957, 1983, and 1966-78 

[ In thau«4if)ii«] 



^ . 

Dt^trtbuttiiti t)y trnJustr^ 

l-oo<l and ktntir^ti pr<>i$«r( r% 

TeKt»l<r% 4fKl jppdf ui 

tiifTtt)#f, wooli procltK ts, 4n<Jl tuifi»tur« . 

f*af>«r ami alhmf {.!fo<lu< 

C»^#*tih:*Iii «MHl «lh0tl prcHUu 



S)C code 



1U&7 



1963 



t 



'2'J!9 4 i 327,3 



fiutft}m prcKjiit ts 

Pf)r»».*f y fTielaK » 



ferrous fTu!tdK 4n<l prOtJucts , , . 



20 

28 ' 

283 : 
2S4 69 ; 

!■ 

29.13 ! 

32 i 

33 ; 

r 

3J1 32.3398.3399 ; 

333 36 1 



Ftttir {c,«t*ttf pro<1ut ts 



^It^i trHc)! t?«4u fpnitfnt dOtl v ofriftujOu jt toti . 

tiei. IroriH' t cifTTpof^er^t^i , 



34 

35 



35/ 



3.8 

,; 
,s 
1.0 

29.4 

18,0 
4./ 
6.7 

G,9 
4.7 
^.^ > 
5.1 

2,9 
2.2 

8.4 

24.9 



6.1 
1.0 
.5 
2.D 
343.3 

22,9 
6.9 
8.5 

8.9 
5.8 
3.8 
5.2 

2.9. 
2.3 



1966 
353.2 



6.2 
1.4 

* .6 
4.3 

38.0 

23.3 

7.2 

8.9 
5./ 
3.1 
5.5 

3.2 
2.3 



196? 
36 7.2 



4 ■ ■ f ■ 
36.48 i 42.9 I 



365 
36/ 



1/ 



I tmif T)yfut 4t (Ofi 



19.2 



6,8 
31.4 



85.8 



55. 



6.3 
30.6 



6.1 I 
1.9 

.6 j 

4. / ; 
36.9 ; 

•2,.. "I 

8,7 ; 

6.5 : 

8./ i 

5. B j 
3.3 i 
5.9 \ 

- -■ -i- 

3.3 j 

2.5 I 

6.3 { 

33,6 i 



1968 
3/6.7 



6.3 

2 5 
.5 

4.8 
38.9 

22.3 
9.8 

9.2 
G.I 
4.1 
5.9 

3 1 
2.7 

5.6 
37.4 



1969 I 1970 
387.1 384.1 



January 
1971 
366.8 



98.6 ! 



92,0 



98.4 



6,2 
2.6 
1.0 
4,8 
40.0 

21.9 
10.2 
7.9 

10.0 
6,6 
4.2 

6.3 

3.2 
3.1 

6.6 
39.8 



6^ 
2.9 
1.2 
6,0 
40.1 

20.7 
11.8 
7.6 



9.9 
7.4 
4.6 
6.5 



t ' ) 
100.4 



3.2 
3.3 

42.3 



6.4 

1.8 
1.8 
5.0 
42.7 

20.6 ^ 
12.3 
9.6 



1972 



349.9 



9.2 

6.7 
4.3 
6.6 



6.2 
1.8 
1.8 
4.9 
41,0 

17.6 
13.1 
10.3 



8.3 

6,7 
4,1 
6.4 



3.4 
3.2 



7.1 
42.7 



366 .48 
361 <>4,369 



Motor w«rfiK. Itfs «n<< fTHJtor v«hH:l*rii^ 
««|u»pn\«nt 



23.7 30./ 



Othof !r4ns4)or tjtio n <#^uipfm»nl 

Ajft.raft ami ftu-^^jJes 

Sci«fit{t)c and iTi<^hanK4J nia^^fin(^ 
tnsXfiif^tfints 

OptH 4l, Siirq»<.?ll, photograph »(. . 

JMid afh«r in^triiirM^nts 



371 

373 75,3/9 
3/2.376 
38 



38 1 ,82 
21.27.31.39 



07-12.14 17. 
41-47,49-67, 



13.6 

58.7 
10.2 



5.H 
4.4 

17.8 



21.1 

90.7 
9.4 



i ' ) 


; .9 


1.0 


1.2 


62.3 


i 66.7 

1 


6 7.4 


66,3 


29.7 


31.0 


30,0 


32.9 


24.8 


1 25.2 


24.3 


25.x 


99.3 


1 100.4 


101.1 


99.7 


12.5 


1 13.0 


14.1 


15.2 



I 100.6 I 

''1 

! 1.9 

I 64.8 
i 33.9 



3.4 
3,0 



1973 



3S7.3 



1974 



359.6 



6.2 
1.9 
1.9 
4.9 
40.9 

17.1 
13.0 
10.8 



6.0 
1.8 
2.1 
4.9 
41.8 



8.2 
7.5 
4 2 
6.0 



3.2 
2.8 



16.5 
14.0 
11.3 



8.2 
7,7 
4.5 
6.4 



3.3 
3.1 



6.6 
43.7 



6.7 
46.3 



91.8 
2.4 
60.3 

29.1 



83.6 
2.1 

53.2 

28.3 



3.9 
5.5 
2.8 



3.8 



J-U- 

2.3 



Dt^tnbutmn by of comp^fty 



11.7 



3.6 
9.4 

f4.t 



t 



25.5 



92^ 
15.0 



3.8 
10.3 



■■k^'i^mn I.OOO. . 
{.OOOto 4,999 . . 

10,000 fo 24,9<^9 
25,000 or rtior»i . . 



44.8 
22.4 



162.2 

.] . 



34.1 
35.0 

258^2 



30.0 
30.1 



293.1 



i 



27.4 
30.5 
\ ^4.0 

1285.3 



2.4 



2 7.2 
29.9 
24.6 



4.1 
11.1 
2^ 



295,0 



(*) 

(*) 
24^ 

307.3 



4.1 
10.9 



2.6 



16.3 



(*) 
28 J5 

299.1 



28.2 

7s;2 

15.1 



4^ 
10.5 



29.7 

70^ 
1S.2 



3j9 



28.2 
31^ 
28J 

278,1 



4.7 

10.5 



3.6 



15.7 



28.4 
30^ 
28.4 

262.4 



30.1 



85.4 



1.4 
9.4 



45.3 
29.3 



28,2 
1.7 
72.1 
16.3 



5.3 
1 1.0 



7.3 
51.0 



34.5 



82.6 



1.3 
9.6 



42.0 
29.7 



27.4 
1.8 
70.6 
17.5 



1975 



362.8 



6.3 
1.8 
2.3 
5.0 
45.2 



18.0 
15.6 
11,6 



8.4 
8.4 
4.5 
6.3 



3.3 
3.0 



7.4 

523 



36.1 



1976 



364.3 



6.5 
1.8 
2.1 
5.2 
44,4 



1977 



382,4 



6.6 
1,7 
2.1 
6.3 
46,4 



16,9 
16.6 
11.0 



8.6 
8.6 
4.6 
8.1 



17.3 
17.8 
11,3 



3.9 
4.2 



6.8 
55.7 



82.6 



38.1 



80.3 



1.0 
10.6 



40.2 

30.8 



1.1 
10.2 



37.4 
31.6 



5.6 
11.9 



3.6 



1S.3 



29.0 
28.9 
27.0 
i 45.1 
1 22 7.3 



3.7 



14,4 



28,0 
28,6 

45.9 

2303 



26.0 
1.9 
67.5 
17.9 



5.9 
12.0 



3.7 



14.9 



30.1 
29,9 
27.4 
47.4 
228.0 



25.4 
1.7 
66.9 
183 



8.9 
9,1 
4.5 
6.4 



3.9 
4.5 



7.1 
55.3 



37,7 



84.1 



.9 
13.0 



38.0 
32.2 



6.7 
12.1 



4.2 



14.6 



30.2 
29.3 
20.1 
60.6 
228.1 



28.2 
1.9 
72.0 
20.1 



7,2 
12.9 



4.5 



15.3 



31.1 
28.9 
28.6 
49.3 
244.5 



*t^f« mc^wi5«d m %fm o*n«f mjnufacfu^^fiQ ififuitfids group 

CCKtoli 33S6 4nd 33S9 mclud^yd m tfw m5nf»rro4js m«!aJs. and products qw^^ for Jauiuary 1S57 10 Jaou^ry 1966 
not fa^ut4tl4<1 at m<« pnof to i9/2 t«j7a 



•Net ^ep«faf«ly av^ilabf^ but ff^cfudtd 4n tot«f 
SOURCE. National Science Fpurrdation 



Table 8 35. R&O funds as percent of net sales Jn R&D-performlng manufacturing companies 
by Industry and size of company: 19S7, 1963, and 1966-77 



indutUy aria »«^« of t^ompany 



Tof«J 

Ois(nbu$ftw fftdusrry 

footi mnci kirKirmi pro<1uc<« 

T«NtM«« «r>d apfMirvl 

Lum6«r.'wood produ(;tf. «mi furnitur* . . 

Fap«r and «lhad prtxluct* 

Cn»mic«}» «rv1 Alhrnl pro<4uct$ 



IfKluftrial ch«mic«U , 



P«trol«um r«fmma 4ml »xtriict»on 

Ruhtxpf pro-1u<.ts 

SCOn«. ^J«y, pro i^cit . . 
Prim^fy miitalf 



M«chm«ry 



H4«|to AfH* TV f«c«iv tng »t4uipn>«nt 
Li^i^tfonic cofTYpon«nf $ 



and cOft>mtjniC4i ' ' , , 
, Othirr •*«c trK:4l «qutpfnent . 

Motor w«h k; if»f #rv1 motor 

v#hf<^l«« •qutprrv«nf 



C>th»f tr«nfport«f ton •qutpm«r»t 

Affcf«ft «nd mi«isilt$ 



OpiicAl, stirgjciil, photograph! 



O. h«r manufMiiuf mg »rHlu»tri#f 



DistnbuttQn by itie of comfj^ny 
(t^tjtm^ on nynib4r of 0mp/oyt!e$J 



than t .000, . 
1,000 to 4,999 . . 
5,000 JO 9.999 . . 
lO^qpp Uj 24,999 
T^SkfO or mof« . . 



SIC cod* 



Off.tn cofT'putif^g, 9f actpuHttng 



20 
22 ,2 J 
24,25 
26 
28 

281^2 

28:. 

2B4^ 

29,13 
30 
32 
33 



1957 



331. 32 .3398. 3399 
333 36 



34 

35 



3.4 



.3 

(') 

3.5 

5.0 
3.6 
1,3 



.7 
1./ 

,5 



1963 



4.5 



.4 

,5 
.5 
.8 
4,3 



5,1 

4.; 

2.8 



1.0 

2,3 
1*6 
.s 



1966 



4.2 



.4 

.5 
.4 

,9 
4.4 



4.6 

2.2 



1.6 
3,4 



35; 
36.48 



365 
367 



366.48 
361 64,369 



371 

373 75.379 
372,376 
38 



7.6 



16.8 

7.0 



.7 
1.1 



1.6 
4.2 



,9 
1.9 
1,5 

.7 



1967 



4,2 



,5 

.3 

,9 
4,6 



1968 



4.0 



4.8 
8.0 
2.3 



.7 

.8 



1.3 

3,9 



^0 1 



13.0 
7.3 



38 1 82 
383^7 



21.27.31.39 



9.5 
5.2 



1.8 
^1^ 



3.4 

26.7 
5.9 



4.1 

6.9 



8,S 



2.0 

10.3 
l'.3 



3^ 
23.7 



,8 
1,9 
1.8 

.8 



J8 
1.0 



1,3 
4J2 



.5 
,5 
.4 
.9 
3.8 



1969 



4.0 



4.0 

6.0 
2,1 



.8 

2,1 
1.6 

,8 



.7 

1.0 



.4 

.6 
.4 
10 

3,9 



4.0 

6.0. 
2,1 



.9 
2.2 
1.7 

.3 



1970 



3.7 



.5 
,5 
M 
,9 
3.9 



4.1 

6.7 
1.9 



197 9 



3.S 



.5 

.7 
JB 
3.7 



1972 



3,4 



,7 
1,0 



1.3 
4.0 



8.6 



1.9 

10,3 
7.3 



8.4 



2.2 

10.9 
6.8 



1.2 

3.8 



7.9 



2.2 

9,7 
6.6 



3.4 

19.7 
5,4 



,7 



1.9 
2.4 

S.3 



3.7 
6.1 



,6 



2.7 
2.3 
9 



f 5.3 



3.9 
6.0 



1.7 
1,7 
2.1 

5.^2 



3.1 

19,0 
6,5 



4.1 

7.4 



2.3 
4.7 



3,1 

20^ 
6,4 



1,0 
2.3 
1,8 



J 
1.0 



1-2 
4,0 



7,3 



2.7 

8,2 
6,6 



3.5 

16,2 
5.7 



3,8 
6,2 
1.9 



.9 

2,2 
1.8 
,8 



.7 
1.0 



1.2 
4,0 



.4 
.4 

,8 
.8 
3.6 



3.7 
6.5 
2,1 



-8 
2.6 
1.7 

.7 



1973 



3,3 



.4 
.4 

.7 

.7 
33 



1974 



3.1 



*4 
.4 

M 

,8 
3.5 



3.4 

6.5 
2.0 



.6 
.9 



1.1 
4,3 



7.2 



2,4 

8.2 
6.4 



11.1 



7.1 



3,1 

16,2 
S,7 



3.S 
7.4 



.8 



2.1 



4.7 



3.5 
6.6 



.8 



1.9 
1.7 
2.3 

4,4 



3.7 
6.4 



1,7 
1.6 
2^ 

4^ 



1.6 
5.9 



8.7 
6,3 



.7 
2.6 
1,7 

.7 



,5 
.9 



1,2 
4,6 



11,6 



6.9 



^ 3,3 

16.6 
5.9 



1,7 
6.2 



8.1 
6,3 



3.5 

1.2 
13.3 
6.1 



4,1 
6,6 



,8 



1.7 
1.7 

S 1,9 
I 



4.3 

6,8 



1,6 
1.6 
1*8 
1.7 
4.5 



3,2 
6.3 
2.1 



.6 
2,5 
1.7 

.6 



.5 
1,0 

1 
4 



12.6 



197$ 



3.1 



-.4 
.4 

.7 

S 
3.7 



1976 



3.1 



*4 

.4 

.7 
1.0 
3.7 



3.5 
6.4 
2.2 



.7 
2,6 
1.2 

,8 



.6 
1.2 



1*2 
4,8 



6.6 



1.7 
6^ 



7.6 
6.3 



3.7 

1,3 
14.1 
6,1 



4.5 

6.7 



12.0 



6.6 



3.6 
6^ 
2,1 



.6 
2.4 

1,2 
.8 



.6 
1^ 



1,2 
4.9 



11.6 



6,7 



1.4 
6.9 



7,6 
6,0 



3.5 

1.3 
12.7 
5.9 



4.9 

6,3 



1.8 
1.6 
1^ 
1,6 
4,2 



1.4 

7.3 



7,6 
6^ 



3.2 

12,7 
6,0 



5.4 

6J2 



.7 



1.6 
1.4 
13 
1,7 
4«fir 



'S^C co<J#s 319B 4nd mciw4a<i m !n« ncmferroiis m«lam arxJ produCU fifQup for 1957- f965 



1,7 
1.4 
1J> 
1.8 

4a 



1977 



3.1 



.4 
,4 

.a 

s 
3.6 



3.6 

6^ 
2.1 



J 
2.4 
1^ 



,6 
1.1 



i;2 
6.0 



11^ 



6.3 



n3 
7.0 



7.6 
5.6 



3.1 
1^ 

13.0 
6.1 



6^ 
6^ 



.7 



1.7 

1.5 

iS 
13 
4^ 



a l^J compam#» w)th 5,000 or rnor* «mploy#«i and for co^panHi* w«h 1,000 to 4,9^ tmployw«« W4f« MffmAttd 
yjfid separata data for eompai^^a m |h#M aiia grotipa. w tma yaar 0i<j not 

SouftCfi; Niti^ai SoJanct FoytKiation 



6^) 



IC, 



5.9 



27 



Tabte 8 36. Company R&D funds as percent of tm\ saies in R&O-performing manufacturing companies by 

industry and size of company: 1957, 1963, and 19^77 



}rKlMiitrv iirKt %n9 of worTij, my 

Tofat 

Otstff^utton by tndmtr/ 



Food and kim1f»rt producti 

T«?(t(l«t jirKi «pp«r«i 

turnbvf , vvockI pfOilixtft, am^ fuf nituf» . 

Pftpttr And a)it«d ^oduct* , . . 

,Ch«mtc«tf #f»d «Mifld prcHiucf* 



DfuQS and m^dictrmi 
Oth«f ch«fTiii:4U . . . . 



f*«tfol«Ufn refining and «xtf»< ♦ qm 

Stuno. c)«v. and gtafts product* , 
Pfimarv fnetaU 



Farrouf 'Ti«ta!« and prod^cT^' 
NonfwffOM* rnttal* «nd producti** , , 



f^abncatiicJ m^tal product* 
Mai:hir>ifr y 



Offico, (Qnn'uting. 4nd 

a4^4;ouf>ting rnach»f»«s 

t:i<*ctnc^il «quipmenX and comfTiuOfcation 

Riidto and TV r •i:»tvtng «gu tprn^nt 
F. tai tfontc oompon«fit$ . . . . 



CoftifTiurt K at ton aquipfnijni 
and corrtfT^Lintcatton , . , 
Ofhar «tac: trkial •qutpm«r%t 

Motor v**nictar< <nd motor 



Otnar tran$par^at<on'^«44A«pm«nt .... 

Afftfa^t arKi mtwilws 

ProfiMtfonal and fci^nttftc in»!rurn«r»t» 

S<:4»ntific and rnac'^infcaJ 

'^^•••ufing ♦nftruiTiitnt* , . , . 

Optical. *v>fi|icai. phutographii , 
and bchaf (nitrM't>anf « .... 



Oth«r rYi<anMf4N;turtng tndu$ff <9« 



Ckstnbutton bv sue of campsny 
(ts$9d on nymbn/ of smpioyms) 



Last thtn 1 OOO . 
f .000 to 4,d99 . . 
5.000 to 9,^9 , . 
10^000 lo 24,999 



25,000 mor«. 




'Mot w«»'*to*y 4*a»{aD<u but 'ncfudeil tn 

'Da}«i i/K'Jud^Kl if) \fm <:jfn«f fTi^fjyfactuf 'ng «ncfustffi>5 group 

'SIC c<N}»f 5399 i^kl 3399 mciyd«d m th« nofiferrou* mttafi and pfpducfi (jroijp fCM- 1967 to 1966 
•0«t* induiaf a^ af tf*»« miv«i prior to 1972 

28 



•Inclwdad »n othaf f J#ctncil equipm«f)i group 
*£itimat$d t}y th« NatH^nal Sc<t{K# FoijrM}«tion 
SOURCE: Nation*} Scitnct FoyfidJttion 
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Table B'42. IndustrlaJ expenditures for pollution abatement research and 
development by type of pollution and source of funds: 1976-78 

IDoHafs tn fiitihons] 



TyptJ uf putlutior> 



i Total 

t " 

i 571 



1^/6 
7 

federal 
S51 



Company 
$/08 



Total 
$918 



26 



S45 





1 


i'l 


r ■ 

(') 


C) 
\') 


Electric po^er plant emfsstons 


j 


31 




All Qinef 


i 


! U 


16 


9& 


Water 


i 


B? 


7 


80 


Solid ^asftr 




2^ 


1 


20 






«0 


1/ 


63 






— J 







6&6 

(') 
67 
123 

105 
28 
100 



1977 



Federal 



S57 



23 



D 
('} 
13 

7 
7 
20 



Company 
SB61 



e62 



(') 

110 

98 
21 
80 



SOURCE f^Mu,fUi ^,^ >t*fu-^ f Mj"'i3W','" 



Table Funds for basic research, applied research, 
and development performance: 1953-77 



(Dollars m mmionsi 



1%3 

1%4 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975. 

1976 

1977 



Year 





« Basic 


Applied 




Total 


research 


research 


Dev«lopment 


$3«630 


$151 


$*726 


$^2,753 


4,070 


166 


*814 


*3,090 


4,640 


'189 


*928 


*3,523 


6,605 


253 


1,268 


s,m 


7.731 


271 


1,670 


5,790 


8.389 


295 


1.911 


6,183 


9,618 


320 


1,991 


7,^7 


10,509 


376 


2,029 


8.104 


10.908 


3m 


1,977 


8,537 


11,464 


488 


2,449 


8.527 


12.630 


522 


2,457 


9,651 


13,512 


549 


2,600 




14,186 


5^ 


2.658 


10,934 


15,548 


624 


2,843 


12,081 


16,385 


629 


2,915 


12.842 


17,429 


642 


3,124 


13.663 


18.308 


618 


3.287 


14,403 


18.062 


602 


3,426 


14,034 


18,311 


590 


3,413 


14,308 


19,539 


593 


3.512 


15,434 


21.233 


631 


3,822 


16,780 


22,867 


699 


4,284 


17,884 


24,164 


729 


4,566 


18,869 


26,938 


817 


5.101 


21,020 


29,907 


910 


5.6S2 


23,346 



'£&limateiJ N^lfonai Sctonco Foundation 

SOUf^CE National Sci«nc« Found«ition 
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APPENDIX C 



Industry-Administered Federally Funded 
Research and Development Centers, 1977 



FFRDC 

Belti^ Atomic Power laboratory 
Haniorri Enginwnng Development 

laboratory 
idaho National Engineering LatxKatry 
Kniills Atomic Power Lalx>ratory 
Ltquic^ Metai Enginwring Center 
Mound Laboratory 
Oak Ridge National Latxiratorv 
Sandia Laboratory 
Savannah River Latxiratory 



« 

ministered by 

Litton BionetiC!!. Inc., Litton Industries 
VVestinghouse Electric Corp. 
Wt'stinghoui-e-Hanforcl Corp, 

Aerojt't Nuclear Corp, 

General Ekxrtric Company 

Kockwell International Corp. 

Mon'ianfo Research Corp. 

Union Carbide Corp. 

Western Electric Co., inc.-Sandia Corp. 

E, I, du Pont de Nemours and Co., Inc. 



s 
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APPENDIX D 



Reproduction of Covering Letters, 
Questionnaires, and Instructions 



Page 

N.ition.^l Science Foundation covering letter 32 
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Instructions ^ 34 

form RD-I ' 38 

Form MA 121 42 



66 

31 



NATIONAL SCJENCE FOUNDATION 
WASHINGTON O C 2098O 



naf 



'orricc or tmi 



January 23, 1978 



Gentlemen ; 

The National Science Foundation requests the cooperation of your 
,coB9>any in completing the enclosed questionnaire for the 1977 
survey of industrial research and development. This is one of 
a series of surveys conducted to assist us in better understanding 
and strengthening the overall national effort in research and 
oovelopment. 

•nw Foundation is well aware of the increased reporUng burden 
on industry in recent years. In response to this problem, each 
item on the survey form has been carefully reviewed to determine 
if some of the requested data could be collected less frequenUy 
than annually. This has led to ^a decision to alternate between 

!;f^\a^^'^^ enclosed questionnaire designed 

for the 1977 survey, and an abbreviated form containing only 
principal data elenwnts. this abbreviated version will be used 
next year for the first time to collect 1978 data. We hope that 
thi» will be of assistance in reducing your overall reportina 
burden. *^ ^ 

Data obtained in this survey of industry are used by Government 
officials in developing policies and programs to strengthen science 
and technology. Individual coa^ianies have also found the data 
valuable- in assessing and planning their own research and development 
pro^«ma. Since industrial firms account for approximately three- 
of total RfiD performance, the surv»y results x^px^^mt a 
— ^3or source of needed inforaatioo in this axea. 

" of findings from last year's survey, 

l^m^HSJ-h^miast, be providing you, through the Bureati of the Cfensus 

A mora detailed report, providing substantial additional data, is 
'mxpcctmd to be available later in tfie spring. 



* 



- 2 - 



The U.S. Bureau of the Census collects and compiles the survey 
responses for the Foundation, Inquiries Regarding the survey 
should be directed to the U.S. Department of Commerce, Bureau 
of the Census, Washington, D. C. 20233. 

Your participation in this survey is very much appreciated. We 
would be grateful for any suggestions you may have for improving 
any aspect of the survey. Please direct any such comments to 
my office. 

Sincerely, 



Richard C, Atkinson 
> Director 
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(1977) 



UMITED STATES DEPARTMENT Of COMMERCE 
BufHmu of thm Cmnnun 

Wasningcon. D C. 20233 



OFFICE OF TH£ DfAECTOn 



FROM THE DIRECTOR 
BUmu OF THE CENSUS 

Enclosed are report forms and file copies of Census Form , "Sxirvey _ 
of Industrial Research and Development During 1977,^ an instruction 
maniial to assist you in completing the report, and a letter from the 
National Science Foundation, which sponsors this survey, describing the 
importance of tlie simrey resialts* 

The instruction manual provides guidelines for reporting. However, it 

is recognized that book racords for particular items may not be maintained. 

In such cases, carefully prepared estimates are acceptable. 

This report is authorized by law (title 13, United States Code). Items 
2A and 2B, and columns 2 and k of item 5C, are a basic part of the 
statisticc^l program of the Bureau of the Census for manufacturing 
companies and, if not reported in this survey, would have to be reported 
on mandatory Census Form MA-121o Response to the remainder of the 
inquiries is voluntary; however, your cooperation is needed to make the 
results comprehensive, accurate, and timely, By section 9 of the law 
(title 13), your report to the Census Bureau is confidential. It may be 
seen only by sworn Census employees and may be UQed only for atatistical 
purposes. The lav also provides that copies retained in your a ilea are 
Jjmaune from legal process. 

Requests for copies of the restilting publications and questions concerning 
the form should be directed to Mr. Paul Beasley of our Industry Division, 
phone (301) 763-5598. 

Ve appreciate your past cooperation with the Bureau of the Census and 
look forward to your continued participation in this important survey. 

Sincerely , ^ 




JAmm C. PLOTKIN 
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C'^U^r-TT COM** L. Sa ^^itNT FQW 

S4''0N DC 



IHSTRUCTIONS FOR SURVEY OF INDUSTRIAL RESEARCH AND DEVELOPMENT DURINC 1977 



UuU«n« » true i! yns 

CCNERAL I " 

Compantes new to Purvey | { 

Pftfposted figures j { 

Revision of fifurirs ! ^ 

Coverage - f«pofted unit, pe''*,^d, I 

jtto^raphic JfC4 i 2 

I - GENERAL COMPANY DATA ! 2 

Item 2 - Sates and fc'^ofoy^icnt for Co>opany ' 2 

OEFfNITION OF RESEARCH AND I 
OfVfiOPMENT 12 

Ucfian H ^ RESEARCH AND DEVELOPMENT' 
PERFORMED WITHIN THE COMPANY IN THEj 
UNWED STATES 2 

i 

item 4 - Number of Research and Ueveiopmentj 
Scientists and ngmcefs | 2 

Cost or Receipts fof Research jf^d Oevciop- i 
ment Performed Atttim thr Company by Major! 
Type and Source of ^-unds j 
Types of Research I 
Item SA ^- Bastc Research \ 
Item 581 Apphed Research f 
Item S82y Development 

Methods of tsttnMtmj Research and ^ 
Development By Mapf ^ype 



3 
4 
4 
4 
4 



Source of ^unds 

Icem 5 - Coiumn 2. Federal 

Item 5 - Column 3, Company and Other, 
except Federal 

Item 5E - Fynds budgeted for 1978 

item 6 - Cost of Research and Develop- 
ment by P'jncipaf Federal Agency 

Item 7 - Cost of Research and Development 

bv Major Type of £;<pense 

Item 8 - Fields of Basic Research . . 

item 9 - Applied Research and Development 

by Product Group . . , 

Item 10 - Costs of Research and Develop- 
ment Performed Withm the Company, by State 
Item 1 f - Research and Development 
by Functional Category 

Sectipn ill - REPORTING OF RESEARCH AND 
DEVELOPMENT PERFORMED OUTSIDE OF 
COMPANY WITH COMPANY FUNDS 

Item 12 Total Company Funds Spent for 
Research and Development Acttvitjes 
Performed Outstde the Company Withm 
the Unaed States 

(tern iS - Total Company Funds Spent for 
Research and Development Activities 
Performed by Foreign Afft hates Outside the 
United States 



5 
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GENERAL 

fiif»f«atl«ii Abottt Repprtln^: Addifiomil F*rm» 
RtpOftmi on thts form may require that companjes 
f«qf£ to the u&e of estimates m answering some of 
Ute q^^tions. We kre satisfied. ho*%cver, that the 
C0mp«rabihty of data among companies ^^th research 
«nd development proframs is sufficient to develop 
.mftiim^fu! totals and measures of Qh^i$% from year 

If yoii require additional copies of the form, ^rtte to 
iJtt Swreau of the Cer^SiiS. I20l East Tenth Street. 
i«fftr«oovifte. Indiana 47132. If you have any 
_^ettton$ refarding rtportmi on this form, write to 
^ '^¥WfMm"iif tl^e Census. ATTN Industry D«v*s»on 

^^lyi^' ^-^ <^^e (5on 

C awi p ewlf RepeHmg ie Sunrfy hr fhe Firtf Time - 

COf«9afi4e$ not reportinf m Survey should fiM 



fn the figures for both years. If the company had no 
expenditures for research and development, complete 
only "Item 2." Enter "No R&D" m the space for 
remarks on page 2 of the form* sign, and return the 

form. 

Figure* for Eerller Yeart ar# PnpQnfmd «n tfie Femi 

If your company reporters on form RD^^l for 1976 
cerum figures frw that lorn have copied to 
the present form. Please describe in i^ie ''Remarks** 
section {page 3 of the form) the r€MiCf)% for any 
stibstantfal increases or decreases In the 1977 
figures entered on this form when compared to cor- 
responding 1976 figures. Examples of surh reasons 
are new a<^vefnm«nt contracu, acquisitioaa. and 
disposals, revised accounting method, etc. If you 
acquired^ or disposed of a ynU pefformin* an impor- 
tant amount of research and development 4urw^ the 
two-year period, please identify the unit in remarks, 
and give the total amount of research and develop* 
ment accounted for by such unit. 



Reviiton of Eorlter Yeer FlgwF«» ^ The 1976 figures 
should be revised if necessary to assure compara^ 
bihty with 1977 data. Please explain \u leniarka. 
any Significant change m the 1976 figures. If your 
company did not report for 1976 or no entries have 
been entered m the 1976 column, fill m the figures for 
both years. 

Report for Yo«r Entire Compeiiy - Research and 
development activities for your entire domestic Com- 
paq should be reported, including all subsidiaries 
ancS divisions of the comp;.ny. If yOu desire to have 
Subsidiaries report separately, please write to the 
Bureau of the Census ^fnd list your subsidiaries. 

Period Covered by Report - The figures reported 
should cover the calendar year if at all possible. 
However, fiscal year data are acceptable for all 
Items except employment, provided your fiscal year 
ends between September and March, Please report 
employment figures (items 2B and 4) for the period 
identified in each of the items mentioned* 

GeogfopKic Area Covered - The data are intended 
to relate to busmess firms m the fields of manu- 
facturing, minerals, and oth<^ economic areas which 
operate one or fT>ore ertablishmems m one or more 
of the 50 States or the District of Columbia, 

► Section I ^ GENERAL COMPANY DATA 

•Item 2 - Sqiffft and Employment for Compony - In 

(tern 2A, report the net sales and receipts of^is 
company and its subsidiaries to customers outside 
»He company. (Exclude domestic intra-company 
transfers and sales by foretgn substdianes. however 
include transfers to such foreign subsidiaries and 
export sales to foreign companies. The reported 
figures ) should represent value f,o,b. plant after 
discounts and allowances and should not include 
freight charges, exctse taxes should be excluded. 
In Item 2S rtporx the namber of persons employed at 
the company in all activities m the 50 Sutes or the 
District of Columbia during the pay period which 
includes the 12th of March 1976 and 1977. This 
figure would be the same as that shown by the company 
m jtem 14 of Treasury Form 941, if the company filed 
one form 941 for the enure company. 

► OEFINITfON OF RESEARCH AND DEVELOPMENT 
Research and development include^ basic and Bpplttil 
research in the sciences and in engineering, and 
design and development of prototype prodgcis^and pro- 
cesses. For the purposes of this questiminaire, 
research and development includes activities carried 
on by persons opined, either fomtally or t)y e^oeriance. 
in the physical sci«ices inctudlnjg relate aog inearlog, 
and the biological sciences including medicine but 
excluding psychology. If the purpose of s«ch aciiv 
ity is to do one or more of the following things: 



3, Apply existing knowledge to problems involved 
in the improvement of a present product or process. 

Research and jcvelopment includes the activities 
described above whether assigned to separate 
research and development organizational units of 
the company or earned on by company laboratories 
and technical groups not part of a research and 
deveiopmau orgamiation. We recognixe that the 
reporting activities of such latter groups will require 
the use of estimates for some of the questions^ 

Actlvfties to be Excluded From Reseereb end Devel- 
opment Rese^ch and development for purposes of 
this survey does not include quality control, routine 
product teMing. market research, sales promotion^ 
sales service, research m the social su^ces or 
psychology, or other nontechnological Activities or 
technical services. 

More specifically, exclude from research and devel- 
opment such nontechnological activities as market 
research, including statistical surveys of product 
acceptance, estimates of market sue. and studti^s 
of channels of distribution; and market development, 
including the sale of either old or new products to 
obtain acceptance of them in new outlets; economic 
research and other research »n the social sciences; 
and legal work m connection with patent applications 
and litigation, and the sale or licensing of patents. 

Also exclude from research and development such 
technical services as: quality and quantity control 
tests and analyses, troublc-shooting in connection 
wi^ breakdowns in full-scale production, including 
related analytical work; technical plant s^iiiation 
control, work required for minor adaptations of m 
specific product to meet the requirements of a 
specific cus^mcr, including insullation and s^v- 
icing in a customer's plant; engineering and other 
technical service furnished in accordance with 
agreements to licensees outside the company; aid 
furnished by the research end development organi- 
sation to manufacturing divisions to enable them to 
operate m accordance with previously determined 
formulas, standard practice instructions, or finished 
product specifications; aid furnished to develop 
advertising programs and to promote or demonstrate 
new products or processes, including the cost of 
material furnished for trial or demonstration; assist 
ance in preparation of speeches and publications for 
persons not engaged in research and developeient; 
and experimental work performed at the request of 
the patent division to provide information needed 
<^ring the prosecution of a patiNfl litigation. 



U Pttfsue a planned search for new knowMge, 
whether or not the search has reference to a specific 
application, 

2. Apply existing knowledge to problems involved 
in the creation of a new product or process, including 
work required to evaluate possible uses. 



• ItMi 4 - Reseereb eed Deveiopeent Scleeflsfs ee4 
Eaffkieefi - Scientists and engineers for ^is Sur^ 
^e defined as «U persons engagiir in scfevttifit 
engineering work at a level wt»ich requires a knon^ 
ledge of phys44:al or Uf# sclerms or eiiilfiaerfffi 
ma^ematicsi equtvalwtt m least to that aoqulred 
through completion of a ^^year college cowse 
With a major in th%se fields, regardless of wfMfier 
they held a college degree in the field. 
Page a 
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StjtfOft II ^ RESEARCH AND DEVELOPMENT PER. 
FORMED WtTMfN THE COMPANY, IN THE UNITED 
STATES - C^^htiymd 

ft 

Ai »n Che y4%t, the f«guf«" o/i R^,*) s^-en-Ms jf^a 

!• Records mi th«* number qf scicfi?. V anO eng necrs 
afSijgneU tu feseafch ,inu 'J« ^ci Ji>fr.c-r.t. Th, * Sw-f*;tj 
. jS %4ii*f4<xory so 'ong t^<? vcenji^t^ 3fi3 eng.- 
nmmr% of the un«t dss.gn^ci fo ^ese^r^f 

development on a,tu)i-om«* bas.s '..e., no -rgfe tran 
5 percent of the*f t-ftif? ,s spent 'lonr e ^ejr^r-, 
deveiopfT'cnt). F-or tf^a^npi^f. tor ^o/Tipj^^ -aoofa- 
tories peffofftMn^ oniy fese.irLt- .^no ae^ei o»j''''<irt. 
report the numtjcr yf scientists .ind en^-f.eers -jn ^ne 

2* Figures on the ^Ko^ujrtion j» :v>ta; Aorx - 
SCfentiSts anO t-n^-nefers t^at .n Je^i^eo.tJ ''-.o.v.^ 
ai^d development. ^-or tMai'ip e, -f tf.e en^ ; r-^^r 
dep4ftmefn of a manufac tu? mj^ ;Mant had 60 st ent sts 
and enjjineers m laouafy .,nd one-fouft^- 

SCicnt»sts' anij enjS' r,?rrr ^' ti^e j^r-nj^ tt^at -orth 
^4$ ch3f|»e<J to research and Ceveiap'nefr* yro,«»cti. 
the ftgure for the n^mner of 'e^eafch and dc,e)jp- 
ment nCitnlfSU and en^mcer^j -nc^jdea tor that ^n.: 
i^Oiil^ be IS. 

Separate frgurrs arr ^eque^tecj j^n the 'lu^^Der of 
Stientjsts and rn^,nerfS Aoft.n^ on fe<iefai ana 
cpfT^panj^ and otMef researcn ^no deveiODrt.ent pro^ 
ects. vVhere research an^l Jeve'apr-rnt Ao^k the 
Oovernment and for the tompanv perfof'^^j 
S3me group of s;.-)entisfs and en^-neers. :! a*,!' fee 
necessary to distriDute the t;>tai ngf^ber jf such 
scienttsts and en^gineers actjordrnj^ tj the Dfo^farTi, 
Federal Of cojnpany, for yvhi^n the research and 
development ^ork *vas yerfor^rt^j -.e. to .,se the 
proportion the total ^ork X'rf^^ of researcf^ *tnd 
development scjeniists and engmijers that is devoted 
10 Federal ami company research and devefopment 
arogrims,, tn order to d<stf'bute the tpta! Reported 
in >xem 4C. The resulting figures snouid be -epQfted 
to the neafest man^yea/, -n ':)r<ier to present a reason- 
aO^e division of time ass.gned ta Federal and com- 
p^iny and other research and development programs. 

Please divide the 'e-^uesjed t-^ufes .ntu the related 
cost figures af)d check ^e rtjsuitmg cost figure of 
research and deveJopf^j^t per scentist and eng.neer 
for reasonableness. ^ 



, ^""^pWca ef rvmfi - mciude all costs incurred to sup- 
port fei«4/ch «nd development. excfuStve of capital 
txpwdityrts. biiX including depreciation and over- 
head, ff you perform researth 4nd development for 
Others on contract, mclude the total ch*rxed for the 

-'^^^k' tmimm^, includMig profit. 

/''^^e'^erevint costs usuaUy tfKiude but are not 
limited to the ci«ments listed helnw 

Pagi 




K *Vages. saianes, and related costs. Material and 
«kupphes '.onsufried iof purchased, if consumption 
figures are not available), utdfttes. such as tfle^ 
phone, telegraph, electricity, water, gas, and fuel, 
books and periodicals travel and entertainment costs 
af^d professional dues, 

2, Property ta^es and other taxes (except mcome 
tamest incurred on account of the research and devel- 
opment orgaf^i^atton pr on the facilities 'which tht 
research and development organiiation uses. Insur- 
ance expense. Maintenance and repair, including the 
maintenance of bu'ldmgs and grounds, deprectatton 
on t>uiid»ngs, equ'pnient, and vehicles, or rentals, 
if any facfiittes are leased. 

^, Company overne^d. Estimate a fair sh^e of the 
cost of any functions which Support research and 
developmi-nt activities. The basiS and method of 
estimating overhead costs depend upon company 
practice. The important point is to be sure that all 
Lompanies mctude an allowance for overhead. Items 
normaiiy covered in Overhead include the following. 

Personnel, including personnel, medicai and safety 
departments, and, employee or industrial relations 
department, accounting control and fiscal (Treasurer's 
officei, procurement and inventory, including pur- 
chasing, receiving, inspection, stofage. transporta- 
tion, control, and issue of tiatenats and supplies, 
otner servic.es, including legal, public relattons. 
shopwork, analytical work, plant protection, re- 
.trrangement of facilities, drafting, printing, dgpii- 
eating, transportation of material and personnel, 
maintenance of motor vehicles, messenger service, 
stenographic service, and photography, salaries -and 
related costs of research executives not on the pay- 
roll of the research and development orga^uatton. 

00 nox net your research and deveiop^nent expendi- 
tures by the amount of royalties received from either 
noncompany o.gan^^ations or company units, 'Or the 
creiiits received for research and development work 
charged or "sold** to other departments of divisions 

01 reporting company or to outside organizations. 



Typei 9f Ex|>«tift« to be IkcIuM From Re^torch ond 
P«v«iopm«iil Co*H Exclude from the cost of 
research and development performed withm the com- 
pany the cost of research and development earned on 
for the company by noncompany research and devel- 
opment organizattons of any kind; or fellovvships, 
grants, and gifts to promote research and develop- 
fTjcnt or the study of the sciences and engineering. 
That part of company-heid research and devefopment 
contracts sutxontracted to research and development 
organuafions outside reporting company. Ail work 
that ^4^s done for your labaratofjes and other tech- 
nical units by nonrpmpany organizations which are 
not research and development Ofganuations (for 
eic^ple, modef construction by a noncompany model 
shop) IS to he considered as a purchase of equip- 
ment* materiai. or suppfie* for the company researd^ 
organization rather th^n as suticomr acted research 
and development, » 

J 
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Tvpe« of Etcpenst fe be Excluded Frofi> Reseorch ODd 
D^^elopmenf Cottt - Continued 

Also exclude capital expenditures, royalties paid, 
patent expense, income taxes, of interest. Income 
from sale of products manufactured m the research 
and development organization if these were sold to 
bona fide customers. 

m Item 5 - Reseerch and Dewlepment Performed Withio 
♦he C9mp^Y ky lypm end by Sinirce of Fwnds 

This Item provides separate columns for reporting »n 
1*^77 the costs of research and development m Fed- 
eral contracts and subcontracts, and Company and 
Other research and development by the three types: 
basic, applied, and development. Definitions of 
"Federal," and of '^Company and Other" are pro- 
vided below, after the definitions of types and 
methods for estimating the breakdowns by type, 

Typci of R««e€ircH - Break down the total reported m 
<tem 5 into the categories shown below. 

Item 5A - Basic Reseorch Inclucte the cost of 
research projects which represent original^ mvesii- 
gatiorwfor the advancement of scientiftc knowledge, 
and which do not have specific commercial objec- 
tives, although they may be m the fi^^ds of present 
or potential interest to the reporting .company. 

Item 5.B1 - Applied ReseofcH - Include ttif cost of 
research projects w^?ch represent investigation 
directed to discovery of new scientific knowledge 
and which have specific cominerc'al objectives wtth'^ 
respect to either products or processes. Note that 
this definition of apphed research differs from the 
definition of basic research chiefly in terms of the 
objectives of the reporting company. 

\Um 5B2 - Development - Include the cost of proj- 
ects' which represent technical activity concerned 
with nonroutine protjlems which are enci^untcred m 
translating research findings or other •*gSneral scien- 
tific knowledge into products or processes. Do not 
include routine technical services to customers 'or 
other Items excluded from definition of research- 
development above. 

Method* of EftimofinQ Reioorch ond Devtlopwent 
Expenditure* by Type - Many of the companies m 
this survey have accounts they believe substantially 
mtet the definitions usid in this survey for basic 
research, applied research, and development. In 
most caseSt companies ^ve found it possible to 
allocate their own accounts to tJiese categories. 

If your comply does not kiep records that meet or 
can be aitocated to these specific cacegofies. -there - 
are two principal ways to reduce the ta$k of providing 
%tn data requested* 

K Isolate the projects that clearly fall in devel- 
opment category. If your con^any fabricates prod- 
ucts« such development activity wiM include the 
design, construction, and testing of prototypes and 
models* Some defmise comracts cypicaUy cell for 
several test models, if your company's research and 
development frequently involves the development of 
a "process*' as in chemicals and petroleum, such 

Page 



developm^t activ^y would include operations beyond 
the befich scale, pnmaniy the design and operations 
of'piiot plants or semiworks, 

2. Isolate the organizational units whose research 
and development can be readily classified. If a com* 
pany has two or more laboratories, the expenditures 
of some of these laboratories may be all classified 
tn one or another type of research and dcvelopm«flt 
on the basis of the function assigned to the labora* 
tory. There are laboratories assigned only devel* 
opment type work. There arc others engaged only in 
apphed or basic research. If research and develop- 
ment work IS done m production units as well as in 
various laboratories, the research and development 
work in the production units will jgenerally be of a 
development type* 

The separate classification of clearly identified 
development operations, particularly in the industries 
producing expensive prototypes, will greatly reduct 
the balance to be distributed. The distnbutiorf will 
have to be estimated on the tjasis of a review of indi- 
vidual projects or On the basis of other summaries 
of the work, -Please use the definitions for basic, 
appt^^^^<i^ and development, as ^iven above. ff, 
despite these instruct"^ on s. you feel that you are 

,'unable tp distribute your research and development 
expenduures into groupings approximating the cate* 
gonc^ requested. pHease write to the Bureau of ctie 

Xensus describing your accounts and indicating your 
special problems. The Bureau may be able to make or 
obtain some suggestions that will be helpful in com- 
pleting the report form. ^ 

Types of Activity Included in Develepmeftt » The 

design and operation of pilot plants or semi-works 
plants so lonx as the principal purposes are to obtain 
experience and to compile engineering and other data 
to be used in evaluating hypotheses, m writing pro- 
duct formulas or in establishing finished product 
specifications, in designing special equipfnent and 
structures required by a process, and in preparitij 
operating instructions or manuals. The efifineerlfif 
activity '-©quired to advance the design of a product 
or a process to the point where it meets specific 
functional and economic requirements «nd can be 
turned over to manufacture nij umis. The design, 
construction, and testing of preproduaion prototypat 
and models and "engineering follow-through" in ilie 
early production phase is incUided, 

The development of designs for special manufacturlftf 
equipment and tools is included but tool making and 
tool tryout are not included. The preparation of 
reports, drawings, formulas, specifications, standard 
practice instructions or operating manuals* and otfief 
media for transmitting to operating units informatiCMY 
obuined fri^ the above activities is Included, Ho^ 
ever, the f^yction of detailed construction drawlnfif 
or manufacturini bfuapHiits til n^t Iftctudi^* 
question, '*When does devefopment end and proiiua^OA 
begin?*' is often asked. If the primary objectivt In 
to make furs^tf improv«nents on the product or 
process, then the work comes within the definition 
of research and development. If, on Hhm other fm4f 
the product or proces$ is substantiaMy *'set,** and 
the primary objective is to develop marketa or-ta 
do preproductfon planning, or to get the production 
process going smoothly, then the work is no longer 
research and development* 
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SMire* of ftiA^t - A sepafat« column .n item S <s 
Pf0¥id#i; tof c^ch of the follo^tni: 

ffMi 5, CofuiNfi 1 - Fvdcrs) ^ Include t^e cost of 
i^Ofk done on research ancf development contracts 
Of subcontracts, and rt^carch and development pof* 
. Cions of pfocuremcfu contracts an4 iubcontraci^ 
durmg the year. 

Do not include here, or elsewhere n the report, 
rcfeafch and dcvclopnient Lontract* and the portions 
ef pfocijfem«nt contracts that vou subcontracted to 
o;h^ resexfch and developfnent organi rations. To do 
so **ould cause duplication jh the statistical totals 
derived from these reports, 

lt«M Colvmn 3 - C^mpQnf ond DfHvr - Include the 
cost of all company -sponsored resorch and develop- 
ment performpd ti^Jthm the company. (Report tompany 
sponvo^ed tc%t^rch and development performed outside 
t^e conipany m »tem I2j Research a^id • devei opmpnt 
IS performed by a fe^ manufacturing companies for 
others than the Frdrral Government. Such research 
and development should be ir^ciuded m tti.s totymn. 

fit tlwm 5E, f»p0rt the exptfctrd or etfimored coft of 
c0m{»af9y'Spdft sored reieorch oni^ d«vtlop«c«f tH«f 
wMf ^ ^rform^d within Ht# <0mp«ny dunn^ I97S. 

• ff«w 6 - Coif of Reteorch and Dtv«lopm#nt by Pnn- 
€i|io} Federal A^#jfcy. Dtfttnbufeth* coit of Federal 
Rcieorch Qnd D«v«ldpm«T^f W©fk (if«m Sc, column 2 of 
Fofm RO-1) by Federoi o^oncy - Campames reporting 
Federal research and development are asked to provide 
separate figures for the three caiegoftes of Federal 
agencies: DcpartrTient of Defense. Nattonai Aero- 
n«Mttcs and Space Admtnt stratton. and aii pther 
Federal agencies. *n general^ most tiompamcs per-< 
formtng large amounts of research and development for 
the Government wtU have one or more separate organt-^ 
««tionat units <.hAfge<i «tth responsibility for most 
Federal contracts. Ke^;ort»ng of the requested data 
h«s been simphfied for some companies by using the 
d»ta d*r»d«ble from the accounts of such units as the 
'basis for the overall company figures on the number 
of scientists and engineers and the costs of Federal 
pfor*^^*. ^of PMampIc, ff 80 percent of the *vork for 
Federal agencies is performed by units ^ith separate 
accounts, jt shpuld be reasonable to estimate the 
company totals on the basis pf such figures rsxhar 
Chan mike special tabulations or separate estimates 
for each of the company units that may be doing some 
work on Government research and development. 

•Haw 7 - Cast at Caafracf Val^a af Rataarch and 
Oai^fa^aiaiif Parlanaa^ Wlf^ln Hia Caai^ay Majaf 
JfP0 al Cxpaata - The type of information re- 
qu^fta^f h^f will b« available for %MpMfMX9 ttst^rch 
0f&40VMhpm^% ofjantzationat units or for co^npanics 
. i^ifh MiHiralt rik%wd\ and davelopfflent accounts, 

^ ..^ i>ot faquaatad ^at $pa<iai analyses b< made of 
cost racords whara rasaarch and 4avelopn^nt jMid 
atfiar fimctions are combmad and existmg racords 
do not yjald estimatas for diis item, tha ttam need 
com^la^ad, Howevar, if moti resaafch ani5 
rfavalopmant- ^Hoft^ m untts w^ia^e sumn^af»as 

siSi.^^i*Piimlt..mP9if^ ^ alamant of eo$i it ahotild 
M poa«fbla to basa cha bfaakdpi«n of rascarch and 
davafopmant coats upoo tht records of st/ch asub- 
Itshmanu* 

P«ia 
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for vvages and salaries report the gross earnings paid 
in calendar year 197; to employees engaged in 
research and development, including dismissal pay, 
paid bonuses, vacation and sick-leave pay, and com- 
pensati«^ m kmd, and prior tO such deductions as 
employees Sooal Security contributions, withholding 
ta^es. group insurance, and savings bonds. (You 
should follow the definition of salaries and wa|es 
that IS used for calculating the withholding tax.) 
Include salaries of officers m the research estab- 
li»hment(s), if a corporation, exclude payments to 
proprietor or partners, if an unincorporated concern, 
E>4Clude payments to members of armed forces and 
pensioners earned on your active payroll. (Scientists 
and engineers are defined on page 3, item 4,) 

For materials and Supplies, report the delivered cost 
for ail purchased materials consumed, whether re- 
ceived from other companies, withdrawn from 
inventory, or received from other establishments of 
this company, 

Ifam 7B ^ MottffioU ond Swpptita, and hem 7C « 
Otffor Cost* may be combined if a separate figure 
cannot be obtained or reasonably estimated from 
present accounts. 

■ Ha« 8 - Fjafd* of Basic R«»«orch - The following 
definitions arc supplied for fields included in the ttem; 

Engineering - Includes aeronautical, astronautical, 
chemical, civH, electrical, and mechanical engineer- 
mg. and metallurgy and materials. 

Caologicol sciences - includes geodesy, hydrology, 
geochemistry, seismology, soil sciences, etc. 

Afmoiphafic scioncos - Includes aeronomy, weather 
modification, meteorology, etc, 

Btoiogicel sctences * All sciences, other than clini- 
cal medical sciences, which deal with life processes, 
including plant and animal sciences, bacteriology, 
pathology, microbiology, pharmacology, etc. 

CNnicol laadicol sctencat - All sciences concerned 
with the use of scientific knowledge for the iden- 
tification, treatment, and cure of disease, includes 
internal medicine, neurology, preventive medicine 
and public health, psychiatry . dentistry, pharmacy. etc, 

Ofliar scianca* - To be used for multidisciphnary 
and interdisciplinary projects wh;ch cannot ba clas- 
sified within one of the above pftmary fields of 
science, 

iham 9 - hppU^ Raaaarcfi aad Davafofaiaat by 

Prarfoct Qfpup - Enter bcth Federal and total costs 
of Applied Rasearch and Devalopment by product 
group. Costs should ba entered in tha fiafd or product 
g#Oi*p in which the rasaarch and d«v«>opmknt pfojtct 
was actuary earned on regafdlass of tfta classiftci-. 
tion of the fla^d of manofactyrtng m viittch tha f«$iilt* 
are to ba usad, Fof axam^a, raaaafch on an alactficul, 
component for a farm machina should ba raporttd as 
ranaardi on alactHcal mnc^in^. Also, rataarch. 
on refractory bricks to b< used by the steal industry 
should bm rap<Htad as fw^^ on st^na, clay« glass, 
and coAcrata products rather than primary ferfous 
metals, whether performed in the steal industry 
Of the stone, clay, glass, and coiKrete IndiJSiry, 
% 



Research and development work on an automotive 
head lamp would be classified in group 25, regard- 
less of whether performed by an automotive or elec- 
trical company. Fields of Applied Research and 
Development are listed below. For those companies 
familiar with the Standard Industrial Classification, 
the 1972 SIC number or numbers are given after each 
title. Note, however, ^lat the SIC definition here 
applies to the field of research and development 
effort, and not necessarily to field in which your 
a^pany's manufacturing output is classified. 

Ffodyet Grovp 

1 Atomic Energy Davieas Applied Research and 
Development on atomic energy devices, previously 
reported separately, should be included with re- 
search and development as classified in the cate- 
gories hstcd on lines 2-33. Examples of the fields 
of research and development activities on atomic 
energy devices and the product groups in which 
such activities should be reported are as follows: 





product 


Activity 


Group 




No. 


R2/4lR3^f t wit i Ci^f nn^c an<i nt-Hm* 
r\«utUM,^fvc 1 >w%wpc>9 «iiu oinef 




radiation sources . , . . , 


4 


Partially fabricated reactor fuel element 






12 






Reactor components and equipment . . . - 




Core structural (barrels, cans, boxes, 








Heat exchangers and condensers 








Complete reactor fuel elements and 


control rods for use in; 




Propulsions 














/ 




N 


Control rod drive mechanism and 




components for. 




Power plants 




Propulsions 








Pressunzers, components and auxiliary 












■ 

Accessory instrumentation for reactor 






22 


Atom smashers (pau^ttcla accelerators)^ « , 


24 


Hot laboratory cqaipmant , , . , . . ^ 









2 Fe#4s m4 Kindwi Prad^cts |«C 20) ^ Foods 
and beverages for human consumption and certain 
ralji|«d products, such as vagatebic and animal 
fata and oils, prepared feeds for animals *nd 

^ fowls. 



3 l^HUlm Mill Prodttcfs (SIC 22) Mill preparation 

of fibers and mill manufacture of yarn, threid, 
braids, twine, and cordage; manufacture of broad 
and narrow woven fabric, knit fabric, carpeu and 
rugs from yarn; dyeing finisbtng fiber, yarn, 
and knit apparel; coating, waterproofing, or other- 
wise treating fabric; the integrated manufacture 
of knit apparel; and oi^er finished articles from 
yarn: the manufacture of felt goods, lace goodie 
bonded fiber fatwics, and misceHaneous tej<tile«, 

4 Botie ladostrial InarQoiilc and Offaaic Cbaaiicala 

{SIC 281 and 286) - Includes radioactive isotopes 
and other radiation sources* 

5 Plastics MefarieU ond Synthetic Resins, Sye- 
f Katie Rubber, Synthetic and Other Menmade 
Ftbera Except Glass (SIC 2a2) - Exclude glass* 

6 Drugs (SIC 2S3) - Medicinal chemicals, biologi- 
cal and botanical products, and pharmaceutical 
preparations, 

7 Asriculfurot Oiemicsls ($rC 287) -fertilizers, 
agricultural pesticides, and other iigncultural 
chemicals, 

8 All OfKer Chaeiicols (balaaee af StC 28) - EKpfo- 
sives, soaps, glycerins, detergents and cleaning 
preparations, paints and varnishes, toilet prepMTB* 
titms, and miscellaneous chemical products, 

9 Pat- ;»um Refinlao ond EKtroction, and Hetttral 
Got ^SIC 13 ofid 29) Exclude geological and 
geophysical exploration activities, 

10 Rubber and Miscelloneeus Plostict Products 
(SIC 30) - Fabricated rubber such as industrial 
and mechanic:al rubber goods and fabricated plas- 
tics products, 

11 Stone, Clay, Gloss, end Cancrata Predicts (SC 22} 
Ceramics, glass, clay products, abrasives and 
asbestos products, cement, stone products, con- 
crete products, and other nonmeullic mineral - 

products, 

12 Primorjr Ferrous Products (SIC 131, 332, 34tt, 
ond 3399) - Products of blast furnaces, scfte! 
works, rolling and finishing mills, iron and steef 
castings and forgtngs« Includes partially fabri* 
cated reactor fuel element materials and control 
rods. 

13 Friiaery and Secen^rv Meeferfetis Metefs (balaace 
of SIC 33 and 3442) - ^rimmfy and secondary 
smelting and refining of nc^fmrous metats; rolled, 
drawn, m)d extruded n onf err ous meul products, 
castings and forgtngs, 

UPabrleaied AMat Ffed#efs (S(C 34) « Timwt, * 
h^d tools, nonelectric freatinit app^atus* fabri- 
cated structural metal products, metiil stamplfigs^ 
fabricated wire products, etc. Includes: micteer 
reactors; reactor axnponents and equipment; em^ 
structurafs (barrels; cans, fcoxes. pl^es, Mic^ff 
heat exchangers and condensers; valves; compfiie 
reactor fuef elements and eontrol rods for -usr Inf 
propulsions, power pf^ts. and oiher systema; 
atomic waste ^asks. 



P»g«6 



I$tfi«ill*t mnd l^fhinmn i%\C 351) - Ste^m ^nj^.ncs, 
SMAm, tm% ^4 hytirBu\^c turbtnes. diesei and 
other mt«rMi coni5us?iun enstnes, n.e.c. 

tAFtffm 9n4 Cmtd^ MocKmffry and E<|M<|»m*nf (SIC 352) 
Farm machm«f^. mtlydmj tractors for farm ose, 

17 CwffMCtl^n, Mmiitfi, and Mof*ffd Handling 
MvckfU^ry And Mvi^«iif (SIC 353) - 

tractari, ^ail«r% and siack^f^. 

tt M«taiwor^iff9 Machmvry and Eqv<pm#flf (SIC 354) 

Mach»n« -ijes, maith.ne tool acc.essor.es. 

fQiimij; m*n mach»nrfy. po^e? dfivtrn hand tools, 
<wjfe fabnca«»n£ machtnerr and equipment, jnd 
automobUc maintenancr machinery and equ ■ ^KT^ert. 

ic^''* ic^F"^^^'"^' Acc««nt,n9 Mochmti 

equ.pmcm. tai<.ulatjng and account. 'TMijh.nes, 
scales and bafanctrs <e«<cept !abof3tofy), and 
Other computmjj and offi^f marh.nes. 

SIC 35) - *J,pe£:t3i *n(jMStr«a» machinery, except 
metalwofkm^, such as food products mach.nefy, 
tawtite and paper jndustnes machinery, general 
industrial mathmery and tfqutpment^ af^d 'Ti.scel- 
laneoui m»ih4nery except elcttftcat. includes 
atomic fuel handling equtpment, conifof rod drsvc 
m«chJnt5Sm and components for po^er p^mt, 
propuKions, pressuff/er^, components and au^^l* 
4afy equtpfnent, pumps, 

21 CtvcfNi: Trontmitiion ond DittnbMtipn Eqwipm«nf 
(SfC 361 ond 3825) - liitanc T^easurm^ mstUi 
ment* and test equ<pment. power, distribution and 
specialty transformers, s^-tch^ear and s^^.tch- 
board transformers, etc. 

UEUcfrUai MdMftfiol Ap^Mirofv* (SIC 362) ^ Electric 
motors and £enefators, motor starters and controls, 
weldmij apparatus, carbon and ^faphitc brushes, 
electrodes, capa^ttofs. v-ondensors, and re<:t'f ler s. . 
Includes accessory instrumentation for reactor . 
control. 

23 Radie «ad TeltvUion Receiymg Set*, gj^cept 
CmmmiinU9n0m TrM« ^SIC 365) Kadio and tele- 
vision receiving sets, except commun.cat^on types 
and phoftO|fapli records- 

24 f le<trtt«iic Ceei^etienu end Acce»teHef, Ceeimufit* 

Electron tube*. 

catfiode fay tul>e*. res i$tor$-capac«tor%, transformers 
and othff components for ei«ctfon<c end product*, 
I:"- *offd «U(« electronic devices, end telephone end 
.^4«te|tepii «(»pe^«lw«. Also tnciudes etectrontc 
fMfdance contfol subessembhes. redar and rad»o 
«(lii(pm«fity and electronic sighting devices. Includes 
atom sn)ash«r» ^pafKCle acce^eratof*), 

IfeNlffc^t mthimtj f e^iiNaeet Sy^fie. 

fNitece ef SIC 36) - Hovsehold Mpp\iMnc^%, elec^ 
— .liiHtmg end^ tqvipmwr^t, loid tnlscefla- 

AaoM« elecuical machinery aqutpmem and supplies. 



26 Mittiles {SIC 376) - lnc!-^m| frames or structures, 
launching and handlin| support equipment and 
*¥Ofk on the m»ssilc System as a whole, EiectJonic 
iiutdancc control subassemblies and radar should 
be tncluded m group 24 above. Rocket motors 
shuuid be included m group 28 below. 



27 Spac* V#lii€U« <SIC 376) - including frames or 
structures, launching and handling support equip- 
ment and <*ork on the space vehicle as a whole. 



28Aifcf9lt and Port. {SIC 372) Piloted and unpiloied 
aircraft and parts of ai! types, including engines and 
auxihary equipment such as landing gear. dciCing 
equipment, and other auxiliary equipment Specifically 
adopted for aircraft. Radar and radio equipment and 
electronic sighting devices should be mc'uded m 
group 24 above. Aeronautical instruments should be 
included tn group II bclo^. 



29 Motor VeHicUs ond Equifimenf (SIC 371) - Applied 
research and development related to motor vehicles, 
including automobiles, trucks, busses, and special 
purpose motor vehicles such as ambulances, fire 
engines. personnel earners, amphibian motor 
vehicles, and truck and automobile trailers, and to 
motor vehicle equipment and parts (exclude bat- 
teries, tires, engine electrical equipment, etc.). 



30 Otfi.f Transportation Equipment (iraUnce ol S'C 37) 

Ship and boat building and repairing, railroad 
equipment, motorcycles, bicycles and parts, etc. 



31 Measuring, Anolysing end Contfollint Insttvm^nfs, 
Pket09roph»«:, Medical endl Opticoi G««ds; WetcHes 
end Clocks (SIC 3$) ^ Engineering, laboratory, 
and scientific and research instruments, instru- 
ments for measuring, controllmg and Indicating 
physical characttjnstics. Optical instruments 
and lenses, surgical, medical, and dental mstru- 
ments. fire control Mp;>MrikH^^: ophthalmic goods, 
photographic equipment; and watches, clocks, etc. 
Includes hot laboratory equipment, and special 
instrumentation. 



32 Ordftonce, I«eef>t MUsMet (SIC 343, 3795) ^ Artil- 
lery, small arms, ammunition, tanks, and parts, etc. 



■ ^.I^ '^.^ ^••^ R^taatdi mi DavaUfaiaiit 
Perfanned Wltfcia ^a Caai#«iiy, 1^ Sfafa - List the 
States in wtiich yoiif rese^ch and devefopmani 
laboratories of facilities are located and report the 
cost of ftteardi and davelopm^t fof each State- 
It is not mtti^td cha? information raportad reflect 
individual assignments oiitside the home Sute of 
il>e particulai research staff. As mtich at 10 percent 
of the total may, if desired, be reported as "Not 
distributed by State." 
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■ Item 11 ftesaercH end {>evela^aieiif by Fynetloftot 
Ce^Sory 

Eaar^y Raseerefi and DevelefNaent - Include ail R&D 
spending whose purpose <s to increase energy 
resources or capabilities, including the development 
of energy equipmwit. Some R^D spending is for |0int 
or multiple purposes, in these instances, estimate 
and report the portion of cost incurred due to the 
energy purpose. Energy R$»0 can include costs of 
H&D projeas (both product and process) on explora- 
tion, extraction, tf»ispoaation, i^'ocessmg, storage, 
g^eration (including conversion), distribution, con- 
servation, etc^of pres<mt. new, or improved fomis of 
energy. Record energy R&D spending according to 
type of energy. 

Coal R&D activities arc to be assigned into three 
sub-categoncs. ''Synfiietic fu^U'* includes programs 
designed to convert coal to gaseous and liquid 
products. * 'Mining" is composed of programs for 
developing equipmwit and techniques to improve the 
productivity and recovery rates of coal mining. 

"Coaservafien oni UfHliaf^on" includes R&D activi- 
ties undertaken to reduce consumption either at the 
point of ^ergy use or in the transmission, transporta- 
tion, storage, and conversion of energy. Examples of 
such are R&D undertaken primarily to reduce fuel 
consumption i. manufacturing, to improve the 
efficiency of transportation of energy products, or to 
produce an end product which is more efficient m 
energy consumption. 

"All ether energy" includes areas such as wind, 
waste, hydroelectric, etc. Also include in this cate- 
gory. (F). the development of energy equipment which 
cannot be readily classified in A to E, If the energy 
source IS waste or any other area with pollution 
abatement aspects, consider carefully whether one of 
the purposes of the proiect is pollution abatement. 

In a limited number of cases, the separation of joint 
(multiple) costs which is encouraged in the preceding 
paragraph may not be feasible. In this circumstance, 
include total project cost if the primary purpose of a 
project IS energy RAD; do not include any of project 
cost if the primary purpose of the project is other than 
energy R&D, 

^llutien A^teiaetit Reteereh on4 DevetefNaenf 
Pollution abatement R&D tp^t^mi f«^ the purpose 
of reducing or eliminating the emission of pollutants. 
As used here, abatement includes praventtisn, treat- 
ment, or recycling; pollution refer* to tha «nl*slon 
of polluwits fo the outside of a firm's (or house- 
hold's) property or activities. Do not include R&D 
fpending tt> contrlhuta to fnvifonmtmaf aeathatlcf. to 
Incraasa equipment curability in corrtisiva environ* 
ments, to conser«^e energy (include as ^rgy ft&D) 
and natural ' resources, or to matMM employee 
comfort, safety, and health. 

There can types of poUu^on ab^temeAt R&O 

»P«n«mg, In some cases, the only purpose of the 
K&D spending is pollution abatamwit, Examplea are 
ipendlni on pfojecU to Improve or design alternatives 
to electrostatic precipitators, wet scrubber systems, 
waste treatment sys^ims, effluent monitoring devices, 
ifvclud^ the total expenditures on 
the R&D proje^jt. In other cases, poilutioo abatement 



IS one of severMi purposes, Examples are spending on 
protects to improve production processes or products 
and simultaneously reduce ^e emission of poUutanM. 
Pollution abatement purposes could also be combined 
with other types of environmenul control purposes 
Such as energy conservation or employee safety and 
health. In all these instances, estimate and report 
only the portion of cost incurred due to the pollution 
at»atement purpose. 

In a limited number of cases, the sep^ation of joint 
costs which IS encouraged »n the preceding paragra;^ 
may not be feasible, in this circumstance, do not 
mclude any of proicct cost unless the primary purpose 
of the project IS pollution abatement. Wien the primary 
purpose IS pollution abatement, include the towl pro* 
lect cost in your answer. 

Do not include any of project cost as bemg for poM^^ 
tion abatement if cxpeacd pollution abatement bene- 
fits are incidental. Incidental benefits are ^ose 

obtained at no extra cost. 

Show R&D spending according to the form of pollution 
being abated. For ex^le, "air" has three su^ 
categories, automotive emissions, electric power 
plant emtssions, and all ^ther, are included m4tf 
"air/' Automotive emissions includes all R&D 
efforts undertaken to reduce exhaust emissions from 
automobiles. Electric powerplant emissions includes 
efforts directed toward reducing air-borne emtssions 
from electric power plants. All other includes 
efforts directed at removing sulfei oxide, nitrogen 
oxides and particulates, and other fossil-fuci 
pollutants from the atmoshpere. Water should include 
R&D spending on water recirculation or thermal 
pollution abatement, R&D spending on waste 
compacting devices should be included under 
**solid waste." and R&D spending on notse and 
radiation pollution abatement should be included 
under "other." 



► Secfieii III - RESEARCH AND DEVELOPMENT PER. 
FORMED OUTSIDE THf COMPANY - (R&D eat 
tncluie4 ia Ifmm 5| 

• Ifeai 12 - Tefal Cmm^ny Fun^s Ipeaf far Reseercii 
oa^ Deve{»ii«flt AcHviHes Perlennedl Oufil^ l4ia 
Ceaipeay Wftfiia file l^i^ States - Report tha 
amount of company funda spent for research and 
development perform«i outside of tha corr^any within 
the United Statas, This item includas contracts to 
outside organizations, |iut specifically excludea 
subcontracting of Fe<Miral Covarnmani or other com- 
pany contracts. 

• Ifeai 13 - Tefal C^ipaay PeiMa S^l far Raaaaieli 
aiNt Oevlsa wen t A^irifles Fef^M^ ^ fat^fa 
Affilietei Oiifalde file UmiHi States - Report tha 
amount of and davelopmant financad fey ;ha 
y,S. parent of its fnragin affiliates perfomied In R&O 
laboratories, branch plants, d4iNston«, and iubsidi« 
arias locatiNi outiida ^« tinitprf Siataa, 

This itam excludes H&O' «rttvit^es peffoim«# in- 
foreign affiliates financed by foreign govemmantt or 
other outside organUatJons* 

NOTE: Foraifn affiliates are those outside tha 50 
Statas or the Oit^ict of Columbia, 
i 8 
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wHf «Jtif1V !h« miOd«tOfy ftooftinf ff^^irtJMn! 
of C«t»u«Farm|lA-l21 <!i!It U,U.S. C«t«). Al* 
thot^gh yoti 4f* not fequiftd to co»pl«e m« ofht f 
itms, yOi^ cooperation on mts« voiiHitary itcttit 
IS nc«M to m»k9 \tm f%^\t$ ol9i»i fturvty com- 
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pay period wh -h includes the 12th of March 1977. 

inis figure would be the same as that shown by 
the company »n Jtem 14 of Treasury Form 941 , if the 
company filed one form 941 for the entire company. 

Item 2 -Show all costs incurred within the company 
for wates. and salaries, direct material costs, 
services and supporting costs, and an ippropriate 
share of company overhead to conduct research and 
development activitiei*^^ 

Under Federal funds, include research and develop- 
ment m procurement as well as research and 
development contracts and research develop- 
ment subcontracts. Exclude research and develop- 
ment subcontracted to others. 
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